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@ [Before the installation of their Char-Mo 
Furnace, this manufacturer of railway signal equipment and 
tools found it necessary to shot-blast heat treated parts as a 
final cleaning operation. The elimination of this 


operation has resulted in significant savings in production time and costs. 


The Char-Mo Furnace incorporates 
its own generator to supply special 
atmosphere for the heat treating operat 

Parts treated remain bright, 
free of scale and are not 
decarburized during 


heat treatment. 


Char-Mo Furnaces are 


available in several sizes 


and are applicable to a 


wide range of products. 





Write for bulletin CM-45. 





SPECIAL RADIANT-TUBE HEATED, ATMOSPHERE FURNACES FOR: 
Gas Corburizing and Carbon Restoration (Skin Recovery), 
Clean and Bright Atmosphere Hardening, Bright Gos 
* Normalizing and Annealing, Dry (Gas) Cyaniding Bright 
Super-Fast Gas Quenching, Atmosphere Malleob'eizing. 
Atmosphere Forging, and Specific Effects upon Metal Su faces. 
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IVE Advantages 


of Inland HI-STEEL 


The low alloy, high strength steel 


J nicuer STRENGTH 


In contrast with ordinary structural steel, 
Inland Hi-Steel has nearly twice the yield 
strength, the same elongation, and almost 
50% higher fatigue strength. With Hi-Steel, 
designers can increase strength without re- 
sorting to excessive weight and size of parts. 
On mobile units, Hi-Steel increases payload 
without sacrificing strength. 


MORE RESISTANT 
TO ABRASION 


In resistance to abrasion, Hi-Steel is far 
superior to copper-bearing and ordinary 
structural steels. Coal companies and other 
bulk material producers use Hi-Steel in 
chutes, screens, and bunkers because of its 
long life. Where both abrasion and atmos- 
pheric corrosion are combined, Hi-Steel will 
outlast many “abrasion-resistant” steels. 


5 LOW IN COST 
The price per pound of Inland Hi-Steel 


is only moderately higher than ordinary struc- 
tural steel. However, where a given strength 
is desired, sections of Hi-Steel can be made 
lighter, so the total cost of steel is frequently 
not increased. On mobile equipment, this 
weight saving quickly pays for the small dif- 
ference in price by an increase in payload. 


GREATER CORROSION 
RESISTANCE 


Hi-Steel has more than twice the atmospheric 
corrosion resistance of copper-bearing steel 
and about five times that of ordinary struc- 
tural steel. When its bare surface is exposed 
for a long period, the elements in it con- 
tribute to the production of a dense adherent 
rust which acts as a protective coating and 
greatly retards further corrosion. 


EASY TO WORK 


Because of its high ductility, Hi-Steel 
can be worked either hot or cold with little 
or no deviation from standard shop practice. 
It does not normally require heat treatment 
to retain or to restore its normal properties 
after working. Hi-Steel can also be flame cut 
as easily as ordinary structural steel, and can 
be welded by conventional methods, 


HI-STEEL meets the requirements 
of SAE Specification 950 


Hi-Steel is rolled in structural sections. 
bars, plates, strip, and sheets. While the 
supply is limited, every effort is being 
made to bring you Hi-Steel in greater 
quantities. 


Write for Booklet 


INLAND STEEL COMPANY 
38 South Dearborn Street, Chicago 3, Illinois 


Sales Offices: Detroit, Indianapolis, Kansas City, Milwaukee, New York, St. Louis, St. Paul 
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By the Editor 


ope “old home week” to gather with technical 
editors at the Linde Air Products Co.’s research 
laboratory in Tonawanda, near Buffalo, and to 





find there so many friends in the Linde organiza- 
tion who date back a quarter of a century when 
the editor was also a “Linde man”. The occasion 
was a symposium on the use of oxygen in stleel- 
making. John Gaines, assistant superintendent 
of the laboratory, summarized the findings on 
nearly a thousand openhearth heats. Later, vice- 
president Lyman Bliss, in charge of oxygen plants, 
discussed the problems of producing and _ trans- 
porting the large quantities involved. We 

inspected the laboratory, viewed 


Revolution demonstrations of special burners, 


in the 


and next day visited the enormous 
plant at East Chicago where 400,000 


oxygen cu.ft. of 99.5 oxygen is produced 
business every hour, and shipped as liquid 
in trucks and tank cars 100 tons 


per day. For the past eight months an experi- 
mental section there has been separating 200 tons 
vlhoxygen per day (and the product blown off), to 
levelop techniques and determine costs on oxygen 
of varying purity and at varying pressures and 
demand factors. ..... In an interval of about 25 
years, the whole oxygen business has gone to a 
diferent plane of reference, as it were. Some 40 
producing plants then were located in strategic 
positions; the average made 1000 cu.ft. per hr. 
Now the most of Linde’s production comes from 
lour plants like the one at East Chicago, each one 
1 200 times the capacity of the old ones. Then 
‘he gas Was delivered exclusively in steel cylinders, 
eich containing 220 cu.ft. compressed to 2000 psi.; 
how there are several times as many such cylin- 
fers in use, but by far the largest quantity of 
‘\ygen reaches the user as a liquid, is so stored, 
il Vaporized and piped away on demand. Then, 
‘lavorable price in largest quantities was l¢é per 


Cutt, livered: now it would be 0.25¢ (360 per 
ti > ‘ , ~ 
NM). Then, as now, a large fraction of the selling 


(Mainly About Metallurgical Oxygen) 
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price paid for delivery; disregarding delivery costs 
Bliss ventured to say that production of metal- 
lurgical oxygen from a very large, well designed 
plant operating at constant demand, delivering 
gas at low pressure for continuous use so expen- 
sive storage systems are eliminated, might cost 
us low as 86 to S8 per ton of contained oxygen, 
depending principally on power and water costs. 
Anticipated costs in the enormous plant (2,000,000 
cu.ft. oxygen per hour) now being erected in 
Brownsville, Texas, for the manufacture of gaso- 
line from natural gas, will be &2) per ton 
estimates made by P. C. Keith, president, Hydro- 
carbon Research, who designed the process, and 
D. W. Wilson of Arthur G. MeKee & Co... who is 
engineering and building the plant. 


HUS the idea recurring now and then in metal 

lurgical literature for the last 30> vears that 
oxygen or enriched air might be had cheaply has, 
at last, some basis in fact. Perhaps it sprung up 
periodically when someone rediscovered the theo- 
retical power requirements; from) thermodynam- 
ical considerations, all that is really necessary ts 
the power required to compress five volumes of 
oxygen into one, and five volumes of nitrogen into 
four. Any practical operation, however, -runs into 
the fact that some heat radiates through the best 
insulation, that heat transfer from hot to cold 
gas is never complete, that it takes power to trans- 


port gas from one place to another, 


Economical and thal mr can ol rn atigt ne. 

. xen (or nitrogen) removes urge 
production quantities of refrigeration from the 
mn large evele. Advances in oxygen pro- 
plants ducing plants and details of the 


evele have centered on minimizing 
these losses. The essential cyele remains the same: 
Compress air to an economical degree, liquefy 
most of the oxygen by refrigeration followed by 
expansion either through an orifice or a work 


engine, separate nitrogen from the liquid in a 
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fractionating column (oxygen’s critical pressure 
and temperature is 730 psi. and — 182° F., nitro- 
gen’s is 492 psi. and —233°F.), and transfer the 
refrigeration in the cold gases to the warm incom- 
ing air. Somewhere in this process, water vapor, 
CO,, hydrocarbons and dirt must be removed. 
Much governmental sponsored research was done 
during the war on cycles, heat exchangers, com- 
pressors and expansion engines, with the result 
that many small, low-pressure oxygen plants olf 
good efficiency were built for the mobile shops ot 
army and navy during the war, and these will 
doubtless be attractive to many users of a medium 
quantity of oxygen, but it is reasonable to suppose 
that efficiency in all phases of the cycle will 
increase with size of plant. Two periodic 
sources of sensational news are the propaganda- 
wise Germans and the incredible Russians 
“news” of oxygen so cheap that it will blow blast 
furnaces. What the facts are about Russia is any- 
body’s guess. The truth about Germany seems to 
be that in the 1930’s, when Hitler was actively 
preparing for war, instructions went out to 
increase production of fertilizer for food, petro- 
leum from oil, and steel and cement from low- 
grade home ores. German nitrogenous fertilizer 
depends on cyanamide, and it requires pure nitro- 
gen in its synthesis. Liquid air plants producing 
pure nitrogen made impure oxygen as a byproduct. 
It was “sold” to the steel industry at a nominal 
price; in the blast furnace it increased production, 
but unfortunately the high focus temperature put 
some calcium carbide into the slag and ruined it 
for cement. It was during these prewar years in 
Germany that Mathias Frankl suggested the use 
of regenerators on a short reversing cycle to trans- 
fer the refrigeration, rather than continuous 
counterflow heat exchangers like steam condens- 
ers, and devised a low-pressure cycle that pro- 
duced 98% oxygen for about one-third the power 
consumption of the earlier high-pressure cycles. 
About 75 such plants were built in the late 1930's 
in central Europe and Russia, the largest with 
capacity of 125,000 cu.ft. of oxygen per hr. Power 
and labor consumption are thought to be of about 
the same order as that anticipated in the new 
large plant in Texas. 


HIS matter of oxygen in blast furnaces is of 

perennial interest to the Editor since the day 
in college when his professor of metallurgy set a 
problem in thermal balance before the class, 
wherein Sir Lowthian Bell’s classical analysis of 
the furnace’s action was to be reconsidered on the 
supposition that the blast contained 25% oxygen. 
The variation in answers was so great, and the 
possible unknown influences so speculative, that 
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the answer then was: “Iron of a sort increas, 
coke reduced; economics doubtful.” Twenty Vears 
later (in 1926, as a member of the Linde 4; 
Products Co.’s “Process Advancement Commi. 
tee’) he made a much more careful analysis a 
had considerable discussion with operators, but 
led to the same general conclusion of his studen 
days nevertheless, he recommended that eve 
with cylinder oxygen at $290 a ton it might } 
well to have it as a standby, piped to each tuye 
ready to boost the temperaty 
Blast furnaces 
on enriched 


air blast 


locally as needed. Such a sche 
should permit the coke on {| 
charge to be reduced Sol 

10% excess was always carried 

to avoid those irregularities that might deve! - 
into trouble, and a little oxygen, now «a 

then, might save several pounds of coke per to 
continuously. It seemed a good idea, too, to t! 
operators of the Donner furnaces in Buffalo, bu 
the experiment was killed by some of the top bi 
for political rather than technical reasons. N 
at long last, a real try is to be made of enric! 
air as a steady diet for a life-sized furnace 


Unit Taking Compressed Air at 80 Psi. 

Delivering 200 Tons per Day of 90% Oxyg 
Operator is climbing to top of regenerative hea Sp 
interchanger; taller square structure alongsid 
the fractionating column. (Linde Atr Products 


col 
to 

eve 
usi 
25/ 
S dir 
bu: 
Ihe 
Oxi 





it jointly sponsored by Bethlehem Steel 
Prob- 


t of the other steel companies will reserve 


nit 

\i: Reduction Co., and Koppers Co. 

wiv mm 
adgmeat (and action) until Bethlehem shows 
enthusiasm or pessimism. Bill Haven, who knows 
bout much about blast furnaces as any other 
riculate American, computes on the basis of 
German operating data that a modern basic fur- 
nace over here would make iron about $1.00 per 
n cheaper with blast enriched to 25° oxygen. 
since this hypothetical furnace would use one 
fifth of a ton of extra oxygen per ton of iron, the 


wen could not cost more than %5 a ton. 


Bi" WITH SURPLUS oxygen-producing capac- 
ity available from the gas companies, on the 
ne hand, and a consumers’ demand for more and 
more steel on the other, steelmakers have not 
hesitated lo try oxygen to speed-up openhearth 
perations. First trials were made in the Hamil- 
n plant of Steel Co. of Canada in 1942. By 1946 
evervone Was following suit. The easiest way was 

lap existing oxygen pipe-line systems leading 

m storage (systems now installed in all steel 
wills) and inject some oxygen into the air at the 
lor tar burners. Economics in this use of oxy- 
gen during meltdown may be 
appraised by data from 728 heats 


Speeding the 


in 18 campaigns in nine open- 
meltdown ron | 


hearth shops, assembled by the 
Linde Co. 
tap to tap without oxygen was 


in an 
openhearth 


Average time from 


Is’, hr: with oxygen, it) was 
ll.6 hr., a speedup of 1.65 hr. per heat or 12.4%. 
(All figures are weighted averages.) The average 
heat made 195 tons of ingots; 112 tons of cold 
metal was on the charge. Oxygen was used in 
each meltdown for 3%, hr. at the rate of 38,000 
cuft. per hr. Put in an oversimplified way, 1 hr. 
of furnace time was saved at the expense of about 
3% tons of oxygen. If an hour’s furnace time, 
over and above the fuel, costs $80, and all other 
conditions remained the same, you could afford 
lo pay $23 a ton for oxygen and still come out 
fven...... A considerably more effective way ot 
using oxygen, after the scrap has been heated to 
200° F. or so, is to blow a strong jet of oxygen 
a directly against the still solid metal; the hot iron 
burns, generaling great heat, the surface layers 
melt and the superheated liquid (saturated with 
oxide) flows down through the incandescent mass 
below, giving up its heat where it will do the most 
800d. Viewed through dark glasses, it looks like 
a mountain stream cascading down through 
broken boulders. While this may seem an extrav- 
gant way to put ore into a furnace, the heat 
Senerated during the oxidation of the iron remains 


almost completely in the bath (instead of three 
quarters escaping through the ports). Special, 
water-cooled high-velocity jet nozzles to be thrust 
through a door wicket have been designed. At 
the present time this appears to be not only the 
simplest but the most attractive application of 
oxygen during the melting stage in small open- 
hearth or electric furnaces. In large steel mills 
where “tonnage, tonnage, more tonnage” is the 
order, the routine would probably be to use oxy- 
gen in end burners until the cold metal is quite 
hot, then switch the oxygen to one or two jet 
nozzles, Which play on protruding chunks for lo 
or 20 min., then back to the end burners to boost 
the flame temperature until the roof gets so hot 
it is about to drip. 


HIS arm-chair metallurgist, who remembers 

his youthful astonishment at the completeness, 
dispatch and brilliance with which the bessemet 
converter blows the carbon out of several tons ol 
molten pig iron, has often wondered why a similar 
scheme has not been used long since in the open- 
hearth, where most of the conditions seem ideal 
for slow motion. Maybe if it were not for the 
necessity of driving carbon clear down in many ot 
the stainless steel analyses (despite the recarbu- 
rizing influence of the incandescent carbon elec- 
trodes) oxygen or air 
would never have been 


Oxygen jet 
for decarburizing 
molten steel 


injected into the electric o1 
openhearth steel bath. Once 
tried it works so expedi- 
tiously, especially on the last few points of carbon, 
that oxygen seems a “natural” for the low-carbon 
rimming steels. For example, in 39 185-ton heats 
in four melting shops, carbon was knocked down 
the last 10 points from 18 to 8 in 2242 min., using 
oxygen through lances or jet devices at the rate 
of 26,500 cu.ft. per hr. (Weighted averages, again. ) 
Auxiliary advantages, besides the speedup, are 
that the reaction with oxygen generdtes heat 
rather than, like ore, absorbing it, the slag comes 
to maturity rapidly, and the metal ends-up hot and 
clean. The time saving is on the order of a half- 
hour for 0.10° carbon heats, and at least an hour 
for 0.06 carbon. A debit is the violent splashing 
of boiling metal and slag, and the large volume otf 
red smoke, either plugging the checkers, pouring 
out of the electrics, or spreading over the country- 
side... ... If this matter of fume and splashing 
ean be controlled as by a high velocity jet that 
blows away the slag and dimples the metal’s sur- 
face, rather than by a pipe lance thrust into the 
liquid) bath it appears likely that oxygen can 
profitably be used for charges of all-hot-metal, o1 
charges that melt down high in carbon. Reducing 
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high carbon by ore requires patience and inordi- 
nate amounts of ore, resulting in heavy blanketing 
slags (although most operators say that metal 
from ore is cheaper than metal from serap). 
Some 29 oxyvgen-blown, high-carbon heats 
observed by the Linde Co. finished in 8 hr. 55 min. 
(charge to tap) against an average of 12 hr. with- 
oul oxygen a reduction of 25% in the furnace 
time at a cost of 2.4 tons of oxygen per 220-ton 
heat. Again, at S80 per furnace-hour, as much as 
S100 per ton could be paid for the oxygen, if its 
use involved no hidden debits. 


HE ECONOMICS of the problem will vary from 
plant to plant, but it would appear that the 
relative advantages of using oxygen now arrange 
themselves in approximately the following order: 
Controlling carbon in stainless steels. 
Melting heavy scrap (by jet) in electrics or 
openhearth, 
Knocking the last few points of carbon out 
of rimming steel. 
Decarburizing all-hot-metal charges. 
Boosting flame temperature during meltdown. 
While the items at the top of the list might 
almost be termed “standard practice” today, the 
best that oxygen can do (in the 
A forecast items at the bottom), while the 
of future metal is in the furnace, can be eas- 
practice ily lost in an ordinary plant by 
either in charg- 
In fact, 


delays elsewhere 
ing, pit work or rolling mill congestion. 
heats have been refined in less time than it took 
to charge the scrap! Present-day openhearth 
plants have been so closely designed that they get 
constipated during a very moderate speed-up. It 
is a much easier proposition to show a 25% saving 
in time with one furnace on oxygen and 11 on air 
than it would be to run all 12 and show anything 
like the same benefit. What is going to happen 
when the present demand subsides for all the steel 
that can possibly be made is of course anybody's 
guess, but economy will be the aim rather than 
tonnage and the use of liquid oxygen at present 
prices will probably return to the emergency sta- 
tus except where plant and labor conditions are 
such that one furnace can be shut down completely 
and the remainder, using some oxygen, can still 
maintain an adequate production schedule. . 
In fact, materials handling is such an important 
factor that the large plant of the future — built 
somewhere from the ground up-—- will probably 
have no charging machines, but handle everything 
in process as a fluid. It may be guessed to follow 
the following pattern: Pressurized blast furnaces, 
cupolas for melting serap, sulphur control by 
alkali or slag in transfer ladles or by manganese 


in mixer, and (a) either bessemers to bi.w 
silicon and some carbon, transferring t Open- 
hearths or electrics to remove phosphorus ap 
finish, or (b) tilting openhearths to conditio; 
metal for medium sized electrics, Operating op 
In view of the scarcity 


1's to 2-hr. schedule. 


fuel oil, one other probability will be mentione 


slagging gas producers. Oxygen, possibly of 
to 95° purity, will be an essential charge in| 
nearly all these furnaces at some stage or anothe 


A OXYGEN PLANT for such an installatio 
would be a very large one, no matter what 
combination of furnaces is installed. To get sor 
idea of what it might be, consider a_present-d 
plant with ten 200-ton openhearths on about hal 
cold metal (because there are more facts know 
about this operation than any other). When oyy. 
gen is used for any purpose in such furnaces it 
drawn at a rate of about 40,000 cu.ft. per hy 
at pressure of about 125 psi., and at about 
purity. Owing to lack of synchronism, the dema 
from the melting shop might be anything fi 
zero to 400,000 cu.ft. per hi 
a situation that is impossibl 


An oxygen 
plant for 
a 10-furnace 
steel mill 


meet in an oxygen plant, wi 

heart is a reflux fractionator » 

cisely balanced as to heat a 

fluid flow. Large storage capac 

to absorb off-peak loads \ 
increase plant costs (and carrying charges), bul 
the steel plant would consume, on the averag 
about 120,000 cu.ft. per hr. with 10 furnaces oper 
ating. Presumably a plant for 150,000 cu.ft. pe 
hr. would take care of the fluctuating demand 
without too much delay to furnaces that are ou! 
of step-—-a rather sizable installation. It wi 
produce metallurgical oxygen for somewher 
around $5 per ton. But such a plant will produc 
one quarter more oxygen in the course of a da) 
than the openhearths consume. That surplus 
could be diverted to the blast furnaces — jus 
blown into the stoves. Fluctuations in temper 
ture at the tuyeres would be no greater from this 
extra oxygen than from fluctuations in the all 
when a cold stove is switched off and a hot om 
turned on, for even if all the oxygen were going! 
the blast furnaces (zero demand _ from. opel 
hearths) the oxygen in the blast would go [ron 
23° (normal content in air, by weight) to abou! 
25°. Even though the blast furnace superinten 
ent might not want to pay anything !0 this 
fluctuating surplus, it would be used v 
ciently. What this means, of course, is 
integrated steel plant already has a sink 
plus oxygen in its blast pipe system; no 
storage for metallurgical oxygen is needed 5 


urther 
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By S. DeDomenico 
and J. A. Comstock* 
Mater Engineering Dept. 
suse Electric Corp. 
irgh, Pa. 
















duced assemblies. 







producing the atmospheres all have 





worked out in great detail. 





specific recommendations for typical 







ARTIME applications of electric furnace 
brazing greatly expanded its field of useful- 
have design taken 
advantage of this modern method for forming and 
fabricating in order to obtain mass production 





ness. Not only engineers 







and minimum cost, but new designs have been 
built which could not have been otherwise fabri- 
cated. At the same time, induction and flame 







healing were more and more used for brazing 
melting 





metals and alloys, especially with low 
such as. silver 
phosphorus-copper. Today’s interest in’ brazing 
is also extended since it will offset, in part, recent 
increases in costs of labor and material experi- 





brazing materials, solders and 







enced in many operations done by more conven- 





tional methods. 





This paper evaluates furnace brazing as 





distinct from brazing by local heat. The electric 





lurnace is especially suitable for furnace brazing 





since no muffle is required to maintain the correct 





atmosphere. However, a very highly reducing 





atmosphere may require a muffle to get away from 
the contaminating effect of the porous brickwork 
inthe turnace lining. Methods for sealing a brick- 






* ‘ir. Comstock is now with Morse Chain Division, 
Borg-\’ arner Corp., Ithaca, N. Y. 






Brazing in Electric 


\Vlodern brazing has proved itself a reliable 
method of making strong joints in mass-pro- 
Tolerances for fit, and the due to their initial cost and 
mutual adjustment of brazing alloys (copper or 
silver base), fluxes, protective atmospheres, con- 


tinuous electric furnaces, and equipment for 


The authors make 
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Furnaces 










with material noncon- 





lined chamber 
laminating to furnace atmospheres are 
important future improvements vet to be 
Muflles are 


elevated 


discovered. expensive, espe- 


clally for use alt lemperatures, 
relatively 
short life. 

By maintaining suitable furnace 
almospheres many metals and combina- 
tions can be brazed together without fluxes 
or oxidation; the work is clean and bright 
as it comes from the furnace. This ts 


especially important for copper parts 
where the high brazing temperature would 
otherwise cause pronounced surface effects 
heating (in 


heating) has two 


Furnace distinetion to 


localized important 


charvcteristices (a) control of uniform 
rate of heating throughout the various sections 
of the 


temperature. 


piece, and (b) accurate control of 
These are essential for preventing 


uneven 


distortion (which may be caused by 


heating of adjacent sections of a piece, 
setting up internal stresses) as well as for pre- 
venting overheating and damage to the work when 
brazing close to its melting point. Accurate tem- 
perature control may also be important as affect- 
ing the physical properties of the work in 
hardness, and. reactions 
The ability to hold the 


work at the desired temperature is often desirable 


controlling grain size, 
with furnace atmospheres. 


in brazing pieces having extensive joint areas, to 
allow time for heating through, permit the braz- 
ing material to penetrate the entire joint’ uni- 
formly where high strength and pressure-tight 
joints are required, or heat conductivity is low. 

The above have to do with work requiring 
slow and precise heating. On the other hand, 
some work may be put through a furnace at such 
a rate that brazing is obtained before the more 
massive parts of the assembly attain uniform 
furnace temperature, and still produce satisfactory 
filleted brazed joints together with a high rate of 


product ion. 











pressures of the o 
Included 


showing dissociation ides 
formed on various solid metals.* in the 
chart are dotted lines for the oxygen partial pres. 
sures in equilibrium with CO./CO and HOH 
mixtures typical of industrial furnace atmospheres 
such as Types 102, 302 and 501. The lines fo, 
Types 102 and 302 are parallel; other lines fo 


By heating the work slowly and thoroughly 
in a furnace all joints are brazed simultaneously 
regardless of their inaccessibility, unsymmetrical 
By proper selection of 
treatment may 


shape, depth or number. 
brazing materials a desired heat 
be given the work by controlling the brazing cycle 
and furnace atmosphere to normalize, carburize, 
or even harden steels. other atmospheres of differing component ratios 
The above characteristics which distinguish may be drawn by shifting the lines up or down 
an amount equal to twice the logarithm of the ney 


Thus, the oxygen partial pressur 


electric furnace brazing from brazing by local heat 
to the old ratio. 
ot Type 102 (“Exogas”’) with pce )., pco of 0.5 is 


(induction or flame) are illustrated in the engrav- 
ings accompanying this article. 


Table I — Typical Component Ratios and Costs of Furnace Brazing Atmospheres 





Cost 
PER M Cu.F 


Dew 
POINT 


WESTINGHOUSE 


DESIGNATION PCO,/PCO 


Cope No.* MANUFACTURE PH,O/PH, 
Nearly complete combustion 
of a fuel gas with air. 
ren Partial combustion of a fuel 60 0.5 

. gas with air. : 
Very rich mixture of a fuel 
gas and air, re-formed. 
Dissociated anhydrous B 
Ammogas ‘ : 65 
ammonia. 


| Deoxidized and dried gas. 65 


101 Lean Exogas + 60° F, 16.4 2.4 $0.05 to 


102 0.12 0.10 to 0.40 


302 Endogas 0.005 0.0037 0.15 to 0.45 


1.25to 4.00 


1.50 to 10.00 


501 0.00005 


Hydrogen 0.000037 











*American Gas Assoc., Information Letter No. 9 to Industrial and Commercial Gas Section, Sept. 23, 1946 
*Based on methane at 40¢ per M cu.ft.; electricity at 1¢ per kw-hr.; water at 5¢ per M cu.ft.; ammonia at 
per Ib. in tank car lots and 15¢ per Ib. in eylinders. 


100 times richer in CO, than the ratio in Type 302 
(“Endogas”) having pCO./pCO of 0.005. The 
logarithm of 100 is 2. Doubling this we find th 
two dotted parallel lines to be 4 units apart on 
the vertical scale. 

Having such a line on this chart for the given 
atmosphere, a metal heated in that atmosphere 
will not oxidize if the dissociation pressure of its 
oxide is greater than the oxygen partial pressure 
of the gas atmosphere —that is, if the plotted 
point falls above the line for the atmosphere. 
Thus, zine will not oxidize in Type 501 (“Ammo- 
1000° F. (540° C.), whereas it will 

oxidize this 


Furnace Brazing Atmospheres 


Furnace brazing lends itself to the joining of 
most common structural metals and alloys, both 
ferrous and nonferrous. Those metals and alloys 
whose oxides are readily reducible in available 
furnace atmospheres at brazing temperatures may 
be furnace brazed without the use of flux pastes. 
Table I gives the typical analysis and approximate 
cost of various furnace brazing atmospheres. 

Benjamin Lustman of Westinghouse Research 
Laboratories has prepared a chart, Fig. 1, p. 73, 
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perature, 

By referring to Fig 
: that 
nickel 


Table Il — Commercial Brazing Alloys 





will be noted 


bismuth, 


1 it 


copper, 


MELTING RANGE 


COMPOSITION 


TRADE 





DESIGNATION 


Copper 
Cu-Ag-Sn 
Cu-Ag 
“Phos-copper 
Eutectic 
“ETA” 
“Sil-Fos” 
“Easy-Flo” 





Cu AG ZN 


84 


28 


Cp 


oF, 


1980 


1735 to 1805 | 
1430 to 1560 
1300 to 1425 | 


1432 


1285 to 1425 | 


1190 to 1300 


1160 to 1175 | 


c. 
| 1083 
945 to 985 
778 to 850 
704 to 800 
778 
695 to 775 
643 to 704 
627 to 734 
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ban iosphere of Type 102 at any temperature. 


rhe cu. ves for this gas and iron are almost iden- 
jedi, bot iron does not oxidize at brazing tempera- 
ures ii Type 102 due to the reducing effect of the 
4.0.H. proportion, which offsets the oxidizing 
effect CO./CO at elevated temperatures. How- 
ever, Pype 302, which costs but little more, is used 


to produce consistently brighter 
tolerance for 
Its higher carbon pres- 
with 
Likewise, 


dvantageously 
vork due to its greater 
all temperatures. 
desirable for 


contamina- 


tion al 
wure also makes it use steel 
when decarburization is to be avoided. 
molybdenum and tungsten not oxidized on 
‘ing and cooling in Type 302. 


solid zine oxidizes on heating 


are 
heating 


As noted above, 


such as brass and certain silver brazing alloys are 
not oxidized in these atmospheres. 
Chromium metal 


cooling in Types 101, 


is oxidized on 
102, 302 and 501 but stain- 
chromium with or without 
Type DO1 or 


heating and 


less steels containing 


nickel are not oxidized in dried 


hydrogen atmospheres, free of oxygen. 


Silicon, titanium and aluminum oxidize at all 


temperatures and, if present as alloying elements 


in amounts of 1 to 2%, require special precautions 


in brazing. 


Strength of Brazed Joints 


Table Il, p. 72, shows a variety of fusible 








































yp to 1000°F. and cooling in Type 901 or in alloys available for brazing. The suitability of a 
deoxidized and dried hydrogen, but zine alloys particular brazing alloy for a given application 
is generally determined by its melting 
Temperature temperature, its wetting ability and 
2500 2000 1300 900 700 500 300 e its Nuidity. Under clean, nonoxidizing 
| | | | | | conditions, with respect to both the 
. ee. wo’ 1200 ad 600 J 760 oe oe 7 ye the — 
U vy s metal to be joined, capillarity draws 
a | a 200” =05 £10988 Atmosphere re the molten alloy into he joint, undet 
; pl0> suitable conditions of fit, and alloying 
YOON plo OOO mosprere 10-5 takes place to produce a strong bond. 
0 | 4 N | | There are a few combinations, how- 
040 \ ; ever, Which produce harmful alloying 
“2000005 x» 10-8 a 
DD effects; for example, the formation 
eee | of a brittle iron phosphide, or 
‘mospnere 10° i penetration of some 
20 . — 6O r-lu0 D> aloyvs DY siiver, 
i °| guremeae es = Regarding the strength of 
x ye eo S brazed joints, simple lap joints in 
2 Nit ple 2Ni0 G BS shear will average between 24,000 
- ye dn jGapper- 4 © and 40,000 psi., depending on the 
aoe | 866120; FE, De — Bismuth > clearance in the joint, the strength 
: Mo +02 M002 | 10-30 & increasing as the clearance 
S yt tpn, ~1e30, RX diminishes. This is true of joints 
x 267+ $202 @ 010s | S brazed either with copper or 
aol Become \eNickel = silver alloys. Copper gives the 
S 24/* 3/20 # Ale Oy \¢ Cobalt 9S highest strength joints when th 
Pre pened | + /0-# fit is from zero to 0.002 in. inter- 
> Ca+eQ,26a0 , ference. The best penetration of 
N hey eee A | ¢ WON = Fes Qe the joint is also obtained within 
S50 pelle . Molybdenum these limits, due to the’ high 
either boiling point of | 10-50 Nuidity of molten copper. 
the metal or melting - | | \ Although the joint strengths 
point of the oxide.” | Tungsten 
A Titanium obtainable with silver alloys are 
, ° : Boling point of metal \aiominum Dune comparable to those obtained with 
‘60 4 Melting ont i "| X copper brazing, the desirable type 
re 70n —_ TY -60 of fit is not the same. A slight 
| ‘or ova Calcium, \ Chron? - clearance is necessary, due to the 
0 OOO! 0002 lower fluidity of the silver alloys 
1: Absolute Temperature al brazing temperature. This 


Fig ] 


ous Femperatures on Several Common Metals. 


July, 


Dissociation Pressures of Oxides Formed at Vart- 
(Lustman) 


Clearance should be in the 
of 0.001 to 0.008 in. 


range 
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In using phosphorus-copper alloys a fit. of 
0.001 in. interference to 0.003 in. 
acceptable, but the strength of 


clearance is 
these joints is 
relatively low. 

When copper and silver alloy brazed joints 
are tested in tension, the strength will often be 
found to exceed the tensile strength of the metals 
joined and will usually approach the tensile 
strength of the metal as-brazed. 

Due to the higher melting point of copper, 
joints so brazed can be subsequently heat treated 
heat treatment required 


withoul damage. 


for steels brazed with silver alloys must be simul- 


Any 


taneously carried out with the brazing operation. 


Copper brazed joints have higher strengths a! 


elevated) temperatures than do 


silver” brazings, has 


their 


which often 


an important) bearing on 


application, 


Metals and Alloys Brazed 
S.A.E. Steels Generally 
speaking, low-alloy steels such as 
S.A.E. readily 
brazed in atmospheres either of 
Type 101, 102 or 802. No flux is 
required for copper brazing. Silver 


compositions are 


brazing in these atmospheres 
requires the use of a flux if the 
brazing alloy contains zine; Type 
201 and hydrogen do not. 
Types 302, 501 and hydrogen 
decarburization 
tolerated. Types 101 
that the 


copper 


are used when 
cannot be 
and 102 
ponent 


before brazing, if all decarburiza- 


require com- 


parts be 


Fig. 2 
plated 


Parts, Brazed and Heat Treated Simultaneously. 


steels are of the air ha 


the 
type, it is practical to silver braze and to liarde 


used. If ening 


the steel at the same time by selection of © bray. 
ing alloy having the proper melting range. using 
the muffle furnace and 
phere. The pinion and gear wheel assembly (Fig 


above-mentioned Limos. 
2) used in an air type circuit breaker is 4 good 
The O.15° 


stainless, shoulder 


illustration. steel is carbon. 18 


chromium with a 
the gear wheel; the assembly they 
silver brazed at 1830° F. (1000° C.), 
rized and hardened all in one operation. 
treatments are possible when handling dies an 


pressed into 


Simila 


molds made of air hardening steels. 
Tungsten carbide and stellite tipped tools a 


Examples of Assemblies Using Some Siainless Steel 


At left is trigger 


f assembly, pin and forged arm pressed together, copper brazed 


tion is to be prevented. An 
example of the latter is a bearing 
bracket for a contactor in which 
the pin is carburized, then copper 
plated before assembly with the 
bracket. This assembly is  sub- 
sequently hardened by quenching 
from the brazing furnace, and cadmium plated 
over the coppered surface for appearance. 

All work from the furnace with a 
degree of brightness in proportion to the reducing 


comes 


power of the furnace atmosphere, being extremely 

is after treatment in Type 501 or hydrogen, 
bright after treatment in ‘1 01 hydrogen 
even though the steel may contain chromium as 


an alloy. 

High Alloys 
alloy toolsteels is to be avoided in copper brazing 
and bright work is important, & muffle furnace 
with Type 501 atmosphere or hydrogen can_ be 


When decarburization of high- 


in dissociated ammonia (Type 001 atmosphere 
carburized and hardened. 
pinion pressed into wheel and silver brazed in Type 501 to 
which a little natural gas has been added so the part is slightly 
carburized during brazing. 


subsequently 
At right is stainless steel shouldered 


No oxidation allowable in either part 


brazed either with copper or silver, depending 
such factors as subsequent or simultaneous hea 
treatment of the shank to obtain required pliysica 


properties. Choice of atmosphere will depend ©! 


slightly carbu- 


n 


the importance of decarburization of the hank 


and whether or not flux is used. 

Alloys of high chromium content, s' 
stellite and stainless steels, require a muffle | 
with cracked ammonia (Type 501) or hy 
atmosphere to produce bright work braze 
copper or silver. 

Nitriding steels present a special prob! 


Vetal Progress; Page 








high aluminum content. They require 
the t fa flux, even in the most reducing atmos- 
phere available. 

( st irons of all varieties require special con- 
side! nm due to their high carbon and _ silicon. 


Wetting action of the brazing material is improved 


by flux, or by previous oxidation and reduction, 
r by previous surface treatment to produce a skin 
free from graphitic carbon. Copper brazing is 
imited by the low melting range of some irons; 


very accurate Lemperature control is then essen- 
tial. The lower melting point brazing alloys, such 
is brass and certain silver-copper alloys, are com- 
monty used. Cast irons grow during brazing, hence 
dimensional allowance must be made in designing 
the assembly so as to avoid formation of gaps in 
he joints. 

Nickel and Nickel Alloys If the assemblies 
consist of or include nonferrous metals of a higher 
melting point than copper, such as nickel and its 
alloys with copper, silver, chromium or molybde- 
num, copper can be used as the brazing material. 
Nickel-chromium alloys require the most reducing 
atmospheres, such as Type 501 or hydrogen. Other 
alloys may be copper brazed in Type 102. Silver 
brazing is also applicable (except for Ni-Co-Fe 
expansion alloys such as “Kovar”’, which = are 
subject to cracking due to intergranular penetra- 
tion of the silver). Silver brazing without the 
use of flux would require Type 501 or hydrogen 
atmosphere, if the brazing is done with alloys 
containing zine. 

Copper and Copper Alloys Probably the 
widest application of silver alloy” brazing is 


Fig 3 — Section of Water Tank for a Steam Iron, Brazed 
With Phosphorus-Copper Without Flux, Since Interior Is 
Ina-cessible. Copper-plated brass sheet with tubes and screw- 
machine parts pressed into holes; Type 101 atmosphere 
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found in the joining of copper, brass and bronze 
assemblies by the electric furnace method. Only 
low-melting silver and phosphorus-copper alloys 
can be used. If assemblies are of copper only, 
there is no need for a flux in Type 101 atmos- 
pheres if the brazing alloy contains no volatile 
oxide-forming constituent such as zine. However, 
if the assemblies contain any steel joints, phos- 
phorus-copper cannot be used due to the forma- 
tion of a weak, brittle iron phosphide constituent. 
Furthermore, in assemblies including or consisting 
of tough-pitch copper, hydrogen embrittlement ot 
the copper must be prevented since it demands an 
almosphere which is nearly hydrogen-free. (Oxy- 
gen-free copper is exempt from this stipulation.) 
Lean “Exogas” (Type 101) is commonly used 
under such circumstances. 

A flux is required with brass or bronze unless 
Type 501 or hydrogen almospheres are used or 
special measures are taken to prevent oxidation, 
such as copper plating before brazing. An exam- 
ple of this practice to avoid the use of a flux which 
would have been impossible to remove from the 
inside of the brazed assembly is the water tank 
for a steam iron (Fig. 3) made of brass sheet 
and bronze bushings, copper plated and assembled, 
then phosphorus-copper brazed without flux. 

Aluminum bronzes require the use of a flux 
of great solvent action due to their aluminum 
content. Aluminum itself can be furnace brazed 
using a special brazing alloy and a special flux 
developed by the Aluminum Co, of America. Since 
the melting point of the brazing alloy is quite 
close to that of the aluminum, accurate tempera- 
ture control is essential. 


Joints 









































One of the requirements of fur- 
nace brazing is to maintain” proper 
relations between’ the component 
parts of the assemblies while going 
through the heating cycle. The 
methods of accomplishing this are 
various, and many types of joints 
may be required in a single assembly. 

The simplest setup is the so- 
called gravity contact joint in which 
the parts are merely laid together and 
aligned by protuberances or grooves 
in one or both of the parts, by loose 
pins, or by fixtures, 

Brazing metal in the form of foil 
may be placed between the component 
parts during mechanical assembly, or 
it may be fed, liquid, into the joint 
by capillarity by the melting of wire 


























placed in close proximity. A paste which is made 
by mixing brazing metal powder with lacquer may 
also be painted on the assembly. 

Probably most common is the pin-and-hole 
assembly. Here a slight preSs fit would be required 
to preserve alignment unless the pin can_ be 
knurled or the hole peened around the pin. Other 
methods might be staking the pin, or swaging or 
peening the end of the pin. 

All these methods would also apply to the 
fitting of tubes or bushings into holes. Also, the 
tubes might be spun, expanded, or crimped. 

If the joint is of the lap or interlocked type, 
tack or spot welding may be used, or screwing, 
peening, or fixturing. In this type of joint care 
must be exercised to maintain minimum clearance 
between the surfaces to be brazed in order that the 
brazing material may penetrate into the lap joint 
satisfactorily. 


Notes on Production Equipment 


Essentially, the equipment required for the 
operation of an electric furnace brazing depart- 
ment may be (a) an electrically heated furnace 
chamber with integral chamber for cooling under 
gas, and (b) atmosphere producers for generating 
the desired type. With these go the necessary 
power and temperature controlling equipment, 
alloy trays, fixtures, and material handling devices. 

The particular design of furnace necessarily 
will be determined after consideration of such 
factors as production rates, size, weight and shape 
of assemblies, shop space available, cost of equip- 
ment, its maintenance and operation, adaptability 
for other uses, and quality of personnel and super- 
vision required. 

Since a brazing furnace may be used for other 
heat trealments, it is very often located in the 
heat treating department. However, continuous 
brazing furnaces used in mass production § are 
commonly designed for brazing specific parts and 
are located in close proximity to the work as it 
comes off the machines. 

Where a low rate of production is expected 
and where development work is to be done, the 
box type pusher furnace is especially suitable. 
This furnace has a wide range of application as 
regards size, weight and shape of assemblies to be 
brazed; its added feature is that it can be used for 
various other heat treatments of ferrous and non- 
ferrous metals. The initial cost and maintenance 
are low, due to the absence of complicated mech- 
anisms. The assemblies are placed in suitable 
trays and manually pushed into the furnace and 
cooling chamber by rods, and withdrawn from the 
cooling chamber by hooks. 


Where high production is required, and the 
weight of the assemblies is not prohibitive, the 
mesh belt conveyer furnace will give autorati 
control of the brazing cycle and high production 
Furnace trays are not especially required her, 
except when necessary to distribute the load oye; 
the mesh belt, since the work is usually placed 
directly on the belt. This furnace has a variable 
speed mechanism to control the travel of the belt, 
thus insuring uniform heating and cooling of 
production parts at the correct rate. 

For heavier and larger types of assemblies, 
the furnace with roller hearth is most suitable 
Here also the work is put through the furnace 
automatically either on trays or — if shape per- 
mits —— directly on the rollers. 

Very heavy assemblies, large in size, can b 
brazed in a bell type furnace where factors ot 
atmosphere control, rate of cooling, and produc- 
tion requirements are not in opposition. 

Where very dry furnace atmospheres 
(“Ammogas” or hydrogen) are required, a muflle 
type furnace must be considered, although exper.- 
mental runs have shown a standard brick-lined 
brazing furnace can be conditioned by a_ very 
long purging period, to maintain moisture in the 
atmosphere to dew points around 60° F 
(—50° C.). 

The type of atmosphere-producing equipment 
will be determined by the brazing operation 
requirements. If Type 101 or 102 is to be used, 
a special gas producer for reacting various com- 
bustible mixtures of air and gas is obtainable of 
suitable capacity (250 to 20,000 cu.ft. per hr.) for 
almost any furnace. Producers of capacities rang- 
ing from 150 to 4000 cu.ft. per hr. are also avail- 
able which re-form rich noncombustible mixtures 
of air and gas in an electrically heated retort 
filled with a suitable catalyst. Type 501 is pro- 
duced by passing anhydrous ammonia through a 
dissociator comprising an electrically heated retort 
filled with a suitable catalyst — commercial equip- 
ment for this ranges in size from 150 to 4000 
cu.ft. per hr. Hydrogen of —65°F. dew point, 
oxygen-free, is obtained by passing tank or line 
hydrogen through a deoxidizing unit and then 
through an activated alumina dryer. 

Type 101 atmosphere is noncombustible, as 
are also the inert atmospheres consisting of ‘7 to 
99% nitrogen. Neither of these is toxic, nor !s 
Type 501 (dissociated ammonia) nor dried hydro- 
gen. The other types of atmospheres (Typ: 
302 and other commercial atmospheres base! 0? 
natural gas or charcoal) are toxic as well as conl 


bustible, so proper precautions as to ventil: ‘ion. 
fire control and first aid are requisite for s+ ets 
of plant and personnel. oe 
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0 \ May 29, the President’s advisory commission 
on universal training reported* that ‘‘its mem- 
bers started with a considerable disparity of view- 
point on the degree to which universal military 
training would contribute to our readiness for war 
or to the advancement of world amity [but reached 
conclusions representing] unanimous judgment 
based on nearly six months of intensive study. 

|We are convinced] that the only real security 
for this country or any country lies in the abolition 
of war through the establishment of the reign of law 
among nations. Yet one of the deterrents to the 
effectiveness of the United Nations is the belief of 
other nations that the United States is stripping 
itself of the strength necessary to support its moral 
leadership. It is apparent from the lessons of 
history that the only way we can lend authority to 
our voice in international affairs and inspire con- 
fidence in the ability of the United Nations to 
enforce peace is to maintain armed forces that will 
defy challenge by any would-be aggressor. 

Pending the arrival of the reign of law among 
nations| our first necessity is to envisage the possible 
nature of future war. Long-range aireraft within 
ten vears will be capable of flying at supersonic 
speeds and traveling at such altitudes that inter- 
ception by anti-aircraft fire is improbable. While 
transpolar or transoceanic projectiles are unlikely 
of perfection within the foreseeable future, guided 
missiles might be used effectively if launched from 
planes, submarines or warships at short range. 
Immensely more powerful weapons have been added 
through atomic energy and through bacteriological 
and chemical agents. For not more than ten years 
can we expect immunity from such an attack 
because we alone possess the atomic bomb. 

_Attack without warning will be] the signal for 
the start of a war against us; after that is to be 
expected a large-scale onslaught with atomic explo- 
sives against our principal centers of population and 
production. The coming of war will be cataclysmic 
in its suddenness and destructiveness. We would 
have chaos, with communications disrupted, millions 
of persons sick, wounded and dying, civil disorder 
and sabotage. [There will be no time] to mobilize, 
train and equip an effective fighting force. General 
Eisenhower said that the decision would %e deter- 
mined by our ability to act and react within the 
first 60 days. Every city, factory and farm would 
become part of the zone of combat. The prospect 
is for a decrease in the troops at the fronts, and an 

*‘*4 Program for National Security’’, 95 pages plus 13 
appendices, U. 8. Government Printing Office, price 75¢. 
The commission consisted of Karl T. Compton, Chairman, 
president of Massachusetts Institute of Technology; Joseph 
E. Davies, former ambassador to Russia; Harold W. Dodds, 
president of Princeton University; Truman K. Gibson, Jr., 
lawyer; Daniel A. Poling, editor of The Christian Herald; 
Anna M. Rosenberg, industrial relations consultant; Samuel 
I. Rosenman, former special counsel to the President; The 


Rev. Edmund A. Walsh, vice-president of Georgetown Univer- 
sity; and Charles E. Wilson, president of General Electric Co. 


National Security in the Atomic Age 


increase in the number in the rear as technicians, 
supply components and for home-defense. 

To prevent complete disaster in the first few 
hours or days, two things are imperative: We must 
have an airborne striking force of highly trained 
professional troops, equipped with most advanced 
weapons and in constant state of alertness to inter- 
cept additional attack, to retaliate, to dislodge the 
enemy from his advanced bases, and to occupy bases 
for counterattack. Second, and equal in importance, 
we must have trained men in every part of our 
country ready and able to meet disorder, sabotage 
and airborne invasion, [as well as to] handle 
problems of civilian evacuation, medical care, fire 
fighting, repair of utilities, highways and railroads. 
Attack may come at any point; no standing army, 
national guard or civilian organization could 
assume this responsibility. To meet such a univer- 
sal attack we must have trained men everywhere. 

It is also possible that the final outcome will not 
be determined by superiority in weapons of mass 
destruction. Defeat in the future, as always in the 
past, may have to rely on the cutting of supply lines, 
the systematic elimination of military objectives, and 
finally the invasion and occupation of enemy ter- 
ritory. {Therefore} the United States cannot chance 
facing future warfare without large reserves of men 
trained and disciplined in the use of weapons and 
techniques of warfare. 

(The commission emphasized that its recom 
mendation for universal military training was only 
one of several essential activities coordinated with 
a unified army, navy, and air force composed of 
professionals. These additional requirements 
include a first-class intelligence service, industrial 
mobilization, stockpiling of critical materials, and 
scientific research and development on an unprece 
dented scale. | 

[As to universal training, it concludes that all 
boys on reaching 18 or ending their schooling 
should be given six months of basic military training 
in camp or aboard ship under conditions specified 
in much detail, to be followed by another six months’ 
service (or its equivalent) designed to fit them to be 
specialists, instructors, group leaders or officers. At 
the trainee’s option, this additional duty can be 
discharged by continuing universal training for 
another six months, by enlistment in one of the 
armed services, by satisfactory performance in 
accredited courses in college or military academy, 
or three years’ service in the National Guard or 
Organized Reserve. | 

We recommend the adoption of universal train 
ing because we are convinced that weakness on our 
part not only involves our country in grave risks 
but also weakens the United Nations, on which rest 
our hopes for lasting peace. A weak and irresolute 
America is an invitation to failure. <A strong and 
resolute America is the best guarantee for our safety 
and for the success of the United Nations. 





Presentation of verbatim extracts from important contemporary documents concerning atomic energy does 
not imply that the Editor agrees with the opinions quoted, nor that they are expressions of A.S.M. policy. 
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Metallographic Identification of 


By G. N. Emmanuel 
Research Dept. 
The Babcock & Wilcox Tube Co. 


Beaver Falls, Pa 


LTHOUGH the presence of sigma phase in 

high-chromium ferritic irons has been estab- 
lished and accepted for quite some time, it has 
only been very recently that the formation of an 
identical intermetallic compound has been verified 
in the austenitic stainless steels by X-ray diffrac- 
tion methods. 

Because X-ray work involves equipment not 
in widespread use and techniques not generally 
known, it is advisable to have some method 
whereby sigma can be identified under the 
microscope with some degree of assurance. 

With this thought in mind, a sample of 25-20 
Cr-Ni alloy (austenitic “steel”) was heated 1000 
hr. at 1600° F. to produce sigma in easily discerni- 
ble amounts. 

The accompanying photomicrographs — illus- 
trate the effect of various etching reagents and 
techniques on the appearance of sigma phase 


under the microscope. 
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Sigma Phase in 25-20 


Austenitic Alloy 


The first series is the result of electrolytic 
etching with 1 ampere of 6-volt current in 10 
oxalic acid. The etching times vary as indicated 
Lightly etching (for 6 sec.) sharply delineates the 
sigma phase. What appears to be structure in 
the sigma is in reality cracking which is a char- 
acteristic of this constituent. Continued etching 
for 24 sec. brings out the grain boundaries and th 
larger carbide particles, whereas the = sigma is 
almost completely eaten out. Doubling this tim 
(48 sec.) will outline all the details of the micro- 
structure, and no advantage is therefore to b 
gained by further etching. 

Figures 4 to 6 show another field of the san 
alloy etched in aqua regia. Etching for 5 see. in 
this more active reagent is enough to attack the 
sigma phase and to outline the carbide particles 
In 20 sec. the sigma patches appear as voids, and 
the austenitic grain boundaries are fairly wel 


developed. Continued etching emphasizes thes 
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Electrolytic Etch in 10% Oxalic Acid for 6, 24 and 48 Sec. Respectively. 500 
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Fig. 4 to 6-— Aqua Regia Etch for 





features; the sample may be considered to be fully 


etched in 35 see. 


Murakami’s reagent at 70° F. (10 g. K,Fe( CN), 


plus 10 g. KOH in 100 ml. water) brings out the 
carbide particles clearly (Fig. 7) whereas the 
signa phase is only faintly attacked, if at all 

i condition that persists even up to 3 min. etching. 
Modifying the reagent by concentration (30) g. 
lerricyvanide, 380 g. caustic, 60 ml. water) reverses 


the action sigma is etched, carbides and aus- 
tenile are unetched. Figure 8 at 400 x clearly 


shows this action. The characteristic brittle 
cracking in the sigma phase is rather clearly 
shown under polarized light; the boundaries and 
racks appear in light and brilliant colors. When 
ewed under white light, the sigma patches are 





0, 20 and 35 Sec. Respectively. 500 


vellow, as though stained with iodine. At 1200 
diameters, elements of the structure of the sigma 
phase may be discerned (Fig. 9). Eberbach tester 
indicates a hardness of about 1000 on the Vickers 
scale; the austenitic groundmass with its seat- 
tered carbides is 250 hard. 

Another differentiation is by heat tinting. On 
heating a polished specimen in air at 1200° F. and 
examining at intervals up to a total of 20° min., 
the austenite will be observed to pass through the 
temper colors ahead of the sigma, and the car- 
bides resist oxidation longest. Thus, after heat 
tinting for 20 min. and examining at 250 diameters 
under white light, the austenite will be a mottled 
blue-green, the sigma orange, and the carbides 
remain while. =] 
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NX THE MANNER of certain quiz programs, the 
following clues could be given for identification 
of the man who is the 1946 recipient of the 
American Society for Metals’ medal for advance- 
ment of research: 

1. One of his outstanding characteristics is 
his apparently unlimited capacity for hard work. 
His average working day is well over ten hours, 
and he carefully budgets his time so that there 
are no wasted moments. The almost monastic 
austerity of his office bears testimony to the fact 
that it is a place for work rather than for visiting 
and idle conversation. Where the weekly com- 
muting between his Pittsburgh and New York 
ufices would have worn down the average indi- 
vidual, he appears to thrive on it. 

2. He has had a guiding hand in many 
outstanding metallurgical and chemical develop- 
ments in the steel industry during the last two 
decades, notably stainless steel, electrolytic tin 
plate, and high strength low-alloy steels. 

3. He approves for publication approximately 
‘00 papers a year, and has passed on the manu- 
scripts of such outstanding metallurgical books 
ws Bain’s “The Alloying Elements of Steel”, 
Grossmann’s “Principles of Heat Treatment” and 
\ustin’s “Flow of Heat in Metals”. He coordinates 
al metallurgical and chemical research and 
development for United States Steel Corp. 

+. The friends at his residence in Short Hills, 
NX. J., look upon him as “the great commuter”, 
and he is well acquainted with all the conductors, 
porters and waiters on the Pennsylvania Railroad 
‘leepers on the regular runs between New York 
‘ity and Pittsburgh. 


Rurus EicHer ZIMMERMAN Was born in Mt. 
Pleasant, Pa., on Nov. 26, 1886. He attended Frank- 
‘nand Marshall College in Lancaster, graduating 
* In 1908 with a Ph.B. degree, and continued 
his education at Massachusetts Institute of Tech- 
tology, receiving his Sc.D. degree in 1911. In 1938 
he received the honorary degree of Doctor of 
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Science from Franklin and Marshall College; in 
1942 Thiel College conferred upon him the degree 
of Doctor of Laws. 

He was an instructor in physical chemistry 
at M.I.T. for a period of three years after gradua- 
tion; during this time he got interested in physical 
metallurgy. In 1914 he joined the research lab- 
oratory of the American Sheet and Tin Plate Co. 
in Pittsburgh, Pa., as a research associate. ‘There 
he reported to BrapLey Dewey, who was then in 
charge of the research laboratory, although of 
about ZIMMERMAN’S age. This chemist, who has 
since reached a pinnacle in American engineer- 
ing, profoundly influenced him and deepened his 
interest in the scientific aspect of metallurgical 
problems. 

In 1915, Rurus ZIMMERMAN was made assist- 
ant director of the Research Laboratory, and was 
appointed acting director of research of American 
Sheet and Tin Plate Co. in 1917. He became 
director of research in 1919 and three years later 
was appointed assistant to vice-president for 
operations, a position which he held until 1982. 
In that year he went to New York as assistant to 
the president of United States Steel Corp., and 
was made vice-president of the corporation in 
1933. At the beginning of 1938, with the estab- 
lishment of the United States Steel Corp. of 
Delaware, with offices in Pittsburgh, Dr. Zimmer- 
MAN was elected a director and member of the 
executive committee and was appointed vice- 
president for research and technology, a position 
which he now holds. 

During the first world war, he was consulting 
chemical engineer for the United States Bureau 
of Mines, working on problems of gas defense. 
During the recent war he was a member of the 
advisory committee to the Quartermaster General, 
U. S. Army, for which activity he received a cita- 
tion. He is a member of the National Engineers 
Committee of Engineers’ Joint Council, the Advi- 
sory Committee on Standardization of the Depart- 
ment of Commerce, and of the Research 
Committee of the Army Ordnance Assoc. He was 
a member of the metallurgical advisory board of 
the Carnegie Institute of Technology, a term mem- 
ber of the corporation of Massachusetts Institute 
of Technology, and from 1941 to 1943 president 
of the American Standards Assoc. He is now a 
trustee of Hood College; a member of the advisory 
board of Princeton Engineering Assoc.; and a 
member of the board of trustees of his alma 
mater, Franklin and Marshall College. 

He also gives unsparingly of his great abili- 
ties to several engineering societies, such as the 
American Chemical Society, the Electrochemical 
Society, the American Institute of Mining and 
























































Metallurgical Engineers, and the American Society 
for Metals. In the latter organization he is active 
on the committee on education. 


Is it surprising that-a man engaged in the 
discharge of so lengthy an array of duties should 
find little time for hobbies? Yet Rurus ZiMMER- 
MAN likes to talk about them. He is fond of 
working with tools, and harbors the ambition of 
having a completely equipped woodworking shop 
some day, where he can indulge in fine cabinet- 
making activities. (His father was in the furniture 
business, and he says he was practically brought 
up in a woodworking shop.) 

He does not care much for golf, “because it 
made liars of so many of my friends, and beeause 
there was no course near my early home when I 
should have learned the game”. Perhaps this is a 
blessing to his wife (nee ANNA Burns of Lancaster) 
and family, for with his penchant for thorough- 
ness there is no telling what the golf bacillus 
would have developed! He hates bridge but plays 
when forced into it. He contends that it fails to 
be a relaxation, since it is just a continuation of 
the daily menu of research problems. 

Like many scientists he is very fond of music. 
He was one of the charter sponsors of the famous 
May Beegle concerts in Pittsburgh long before the 
Pittsburgh Symphony Orchestra was founded. 
He likes to attend Metropolitan Opera perform- 
ances in New York City, but regrets that he can 
enjoy them so infrequently during the season. 

He is an inveterate smoker, having a fondness 
for good Havana cigars— although he is also 
partial to those stogies which are manufactured 
in his old home town of Mt. Pleasant. (He pri- 
vately admits to a weakness for sauerkraut and 
onion sandwiches, which is understandable for a 
man raised in the lush and beautiful Pennsylvania 
Dutch country.) 

The scope of his activities in the far-flung 


empire of research is indeed extensive and 


includes diversified areas. To mention but a few: 
The latest project is the establishment of a 
research laboratory to study the problems of 
beneficiation of the low grade iron ore existing 
in the Mesaba range in astronomical tonnage. 
This will be operated by the Corporation’s sub- 
sidiary, the Oliver Iron Mining Co. in Duluth, 
Minn. He was also actively engaged in investiga- 
tions relating to the welding of steel ships, the 
evaluation of processes for the production of 
sponge iron, the disposal of steel mill wastes, the 
development of fabricated steel for house con- 
struction, the perfection of electrolytic and_ hot- 
dipped tin plate, the heat treatment of rails, the 
improvement of deep-drawing steels, the improve- 


ment of blast furnaces, and the use of oxygen gx 
in commercial metallurgical processes. In the |g 
30 years he has been granted a number of patents 
along these lines. 

His friends and associates feel that Dr. Zjy. 
MERMAN’S greatest achievement is the encourage. 
ment and support he gives to research, bette 
expressed in the words of the @ citation: “He hy 
ever practiced the best principles of moder 
organization, with maximum delegation of author. 
ity, opportunity for initiative and recognition 
achievement.” His coworkers admire his kee 
memory, his composure and calm, his simplicity 
and a modesty which almost borders on self. 
effacement. However, a sense of humor, coupled 
with a wide experience in human relations an 
the art of getting things done with a minimun 
of friction, makes him a top-notch executive whos 
sound and balanced judgment based on varied 
technical experience is sought widely. 

“Research men should be the tallest men 
earth,” he said, in conclusion of an_ intervie 
“because they have to keep their heads in th 
clouds and their feet on the ground. And if the 
is no ‘romance’ in research, there will be 
progress. Moreover, nobody should be put dow 
as a ‘queer’ because he has done something bizar 
in the search for new technological developmen! 


> 


No more fitting tribute could be paid Rvrvs 
E1icHER ZIMMERMAN, who typifies the progressiy 
executive, than is expressed in these words taker 
from the dedication of Jeffries and Archer's boo! 
“The Science of Metals”: 


“The maintenance and extension of ou! 
industrial and economic civilization depend on 
the coordinated work of groups of individuals 
whose efforts are directed toward increase 10 
efficiency, improvement in quality of existing 
products, and development of new products 
Men who have good character and ability and 
who in addition have an understanding 
human nature are usually selected to guide the 
activities of these groups. Because these exect 
tives direct the expenditure of money ané 
energy, they determine to a large extent th 
industrial and economic progress of the world 
Executives are progressive in proportion to their 
ability to select men and _ stimulate them ! 
obtaining and utilizing fundamental informe 
tion for the betterment of mankind.” 


These words mark the character of the ma 
who carries the @’s most recent award 
medal for advancement of research. 
atomic age, give us more men with th 
butes, more men like ZIMMERMAN. 

Hans J. Hi 
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Maenesium Division, Dow Chemical Co. 
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By J. C. McDonald 


Midland Mich. 


The first part of a paper, illustrated with a_pro- 


fusion of lantern slides, read in March before the 


Western Metal Congress at Oakland. 


Vr. McDonald calls attention to important improve- 
ments in foundry techniques, pleads for simplified 
designs, and cites some examples of test programs 
from the many that have been pursued during war- 


time, that furnish the data whereby these simplifica- 


tions can be confidently adopted. 


portion he will describe some new alloys of great 


interest. 


\ THE PAST few years a number of develop- 
ments have taken place in the magnesium indus- 
ry which give promise not only of making better 
materials available, but also of lowering their cost. 
Some of these developments were closely connected 
with the large expansion of the industry during the 
war. Although present production is well under 
the wartime peak, the estimated consumption for 
IM6 was on the order of 20,000,000 Ib., which is 
lour times the average of the last prewar years. In 
IM46, for the first time in a decade, structural appli- 
cations outstripped the nonstructural in the 
(The latter include 
‘uch items as cathodic protection, pyrotechnics, 
alloying with other metals, and Grignard reagent.) 
Summarizing briefly, we may say that produc- 
lon developments have occurred in both the 
“rought metal field and the casting field. A 
broader understanding has been gained of those 
tharacteristies of the metal which render it so suit- 
ible for so many applications. New alloys now in 
the experimental stage of development will increase 
'S usefulness in the structural field. In the non- 
‘ructural field many electrochemical uses have 
“sen. Some interesting new laboratory tech- 


amount of magnesium used. 


In this portion, 


In a subsequent 


Recent Developments in Magnesium 


niques are now available which assist 
the work of the metallographers. 

There have been a number ol 
improvements in wrought metal pro- 
duction directed toward decreasing 
direct labor cost with a consequent 
decrease in the over-all costs. The scale 
of melting operations has been greatly 
increased through installation of rever- 
beratory furnaces; maintenance costs 
and safety are also considered to be 
better than the older melting pots 
Instead of the old hand dipping opera- 
tions with ladles, pumps are now used 
for conveying molten metal. Alloying 
may be carried out in the reverberatory 
furnace or in a steel pot into which the 
molten magnesium is pumped; ingot or 
billet molds are then filled by pumping 
from the pots. Billets for subsequent 

conversion into wrought products are 
made in continuous fashion on a direct casting 
machine. Slabs for the rolling mills are now 
largely cast directly rather than being extruded 
from a round billet. 

It has been realized for a long time that very 
good design efficiency can be achieved by adoption 
of much larger forgings than the usual size of press 
is capable of handling. During the war some work 
was done to show what might be possible in this 
direction, and forged booms for cargo -hoists in 
the form of a channeled hinge about 5 ft. long and 
10 in. wide were made experimentally at that time. 
There has since been erected in Worcester, Mass., 
a forging press of 18,000-ton capacity on which 
even larger forgings are being made. A still larger 
press was in existence in Germany, which during 
the war made side frames for trails on field artil- 
lery, a triangular shaped piece nearly 8 ft. long and 
about 2 ft. high at the axle end, intricately ribbed 
and bossed. 

It has been realized for a long time that the 
most economical manufacture of magnesium alloy 
sheet will require the large continuous mills com- 
monly seen in steel and aluminum plants. The 
possibility of handling magnesium on such equip- 
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Fig. 1 Effect of Time of Chlorination on 
the Amount of Hydrogen Remaining in 
Cast Metal and Its Effect on Microporosity 
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various carbonaceous compounds; as yet, however 
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the process has not been worked out on a_pro- 
duction scale. 

An interesting scheme of interest to fabri. 
cators of articles of magnesium sheet has com 
ment has now been demonstrated. In addition, from the welding engineers, namely, the super 
magnesium shapes have been rolled on the type of position, on the alternating current feeding th 
mills already in existence. Commercial application welding are, of a high frequency alternating cur- 
of these developments will lower the cost of mag- rent. Stabilization is apparently produced, resull- 
nesium sheet and shapes appreciably. ing in less heating; in consequence smaller welds 

Turn now to a consideration of casting tech- can be made and thinner sheet welded. 
niques. The chlorination of melts is now being The ease with which magnesium sheet may by 
widely practiced as a good cleansing procedure as deep drawn has been amply demonstrated. In this 
well as a method of elim- 
inating hydrogen. Micro- 
porosity has been decreased 
somewhat by keeping hydro- 
gen in the inelt to a min- 
imum. Under the conditions 
of the experiment illustrated 
in Fig. 1, 20 min. of chlo- 
rination resulted. in a cast 
panel of maximum sound- 
ness. Chemical analyses of 
the product showed that this 
treatment reduced the 
hydrogen in the melted 
metal to about the level of 
its solid solubility in mag- 
nesium. There was then no 
excess hydrogen to be lib- 


~ 


Lrergy, Fl-L0 


erated during the freezing 
process which would pre- 
vent the formation of a 
completely sound casting. 





Another innovation of 
great importance in foundry 
production has been a new 
type of slot gate, as shown 
in Fig. 2. The molten metal 
is poured into a_ tubular 
sprue filled with steel wool; 


from this the metal feeds ; , 
Fig. 2— Large Wheel Casting Made With Four Slot Gates of 


into the casting through a , 
Type. Before the metal is poured the sprues are filled with ste 


slot. Not only is it easier 
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~~ ‘ better realization has been gained of ye Cl mii cot mail anit 
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ial fabrication, but causes each part of the Cycles to Failure S] 
structure to carry its proportional share e ; 
iper- of the load. The airplane designer calls Fig. 4 Rotating Beam Fatigue Tests on Extruded Bars, 
the this the “monocoque”. The modulus of Plain and Notched (Stress Concentration Factor 2), for 
Cur- Magnesium Alloy O-1HTA and Aluminum Alloy 24S-T 
sult- 
elds Fig. 3-- Relative Resilience of Magnesium Alloy FS-1a, 
\laminum Alloy 24S-T and Galvanized Steel, istics of magnesium alloys because of their 
v be Sheels Graded in Thickness to Be of Equal Weight importance in most services. Such a mass ol 
this per Sq.in. Sheet 6 in. dia., tup 3 in. dia., dent 0.2 in. data has been accumulated that only a few ol 
the main conclusions can be presented here 
™ ai The laboratory results indicate that the mag- 
a i nesium alloys are comparable in these respects 
to the higher strength aluminum alloys. 
340K — One study of the notch sensitivity used a 
\ tension test of a strip containing three equally 
nN — = al spaced round holes, thus simulating rivet 
5 holes in sheet. Magnesium alloys Ma, Mh, 
§ 20 rf 4 {——,—__- a FS-la, FS-th, J-la and J-th were included in 
Q : | Galv. Stee/~ = this study, as well as aluminum alloys 24S-T 
: i a" a and Alclad 75S-T. If the strip contained 
’ ow | three ,*,.-in. holes and its effective width was 
| L 1 | reduced by 10°7, the remaining metal (through 
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elasticity of magnesium is lower than that of other 
structural metals, by virtue of which a high degree 
of resilience is obtained. Some simple experiments 
compare the resilience of magnesium to other sheet 
metals. (See Fig. 3.) A 6-in. circular specimen, 
firmly clamped at the circumference, was loaded 
through a tup of 3 in. diameter. The tup was 
pressed down until a permanent dent 0.2 in. deep 
remained. The energy required was measured 
and plotted against thickness, figured to the 
equivalent thickness of magnesium sheet of equal 
Weight. Figure 3 shows that the low density and 
low modulus of magnesium more than compensate 
lor its lower tensile strength per sq.in. 

A great deal of attention has been given to the 
laligue resistance and notch sensitivity character- 
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the effects of stress concentration) was weak- 
ened from 2 to 15°, depending on the alloy. 
As the proportion of width occupied by hole 
increased until half the metal was drilled away, 
this loss due to stress concentration gradually dis- 
appeared in all alloys; the remaining metal gen- 
erally carried from 100 to 105° of the stress 
expected of an undrilled strip. However, the 
“specific strength” of one of the magnesium alloys, 
Ma, rapidly increased as the proportion of metal 
lost to rivet holes increased; the ultimate strength 
of the remaining metal when the distance between 
edges of rivet holes equaled the diameter of the 
holes (half the metal lost to rivet holes) rose to 
115% that of undrilled sheet. 

Another series of tests involved the bending of 
notched strip; the energy absorbed prior to rupture 
was determined. The radius of the base of the 
notch and sharpness of the notch was varied, and 
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again the conclusion is that Fig. 5 Effect of Surface Finish on Endur- (195-T6) wer als 
the magnesium and alumi- ance of Cast Magnesium Alloys. Scatter improved but on!y to the 
num alloys in sheet form bands include tests on 9x3xX%g-in. pan- extent of raising thei 
react in similar fashion to els, sand cast, tested in reversed bending endurance limit on the 
this type of stress concen- 20 — order of 20%. It wa 
tration. | i i= ‘ongitudlinally Machined also shown that the effects 
Of the many types of SX Shotblasted -aene of machining on the cay 
fatigue tests made, only two panels of the two mate. 
can be reported here. Com- 1S rials were quite differen; 
paring the lines on Fig. 4 we & While the fatigue strength 
see that the chief difference S of the magnesium wa; 
between the magnesium and S raised, that of cast alumi. 
aluminum is in the slope of 3 10 num was lowered at leas 
the S-N curves for both 2 15%. The S-N curves for 
smooth and notched bars. GB 9 aluminum, in this investi. 
This is a characteristic differ- Bh . gation, also showed th 
ence observed in practically 7 £ Machined © characteristic Steep slop 
every kind of fatigue test that and Polishe. noted in Fig. 4. 
was run, not only rotating beam 6 a it 0 Returning now to the 


simplified 
design, there is no doubt 
that shapes 
would be avoided irre 


but also plate flexure and axial question of 
loading tests, with or without 
The notch 
sensitivities of the materials are 
usually comparable. The chief 
difference observed was in cast materials having 
extremely notches. Aluminum was 
sensitive than magnesium to this condition. 

Another interesting study concerns the com- reinforcements without penalty. A_ positive gain 
parative effect of shot blasting on the fatigue resist- is, in fact, effected by virtue of the decreased 
manufacturing cost. It obvious that 
stress concentrations can be better eliminated with 
smooth contours rather than sharp lines. A good 
example is the casting illustrated in Fig. 6. At top 
left is shown the dia- 
phragm section of the 
original aluminum 
diaphragm. When this 
was redesigned 





1000,000 12000000 intricate 


Cycles of Reversed Stress 


5 
stress concentration. 100,000 
spective of the choice of 
material if they did not often result in saving of 
weight. Magnesium’s low density, however, enables 
complicated ribbings and 


sharp less 


one to dispense with 


should be 


ance of cast magnesium and aluminum plates. As 
may be seen in Fig. 5, the magnesium cast alloys 
as a group were benefited very considerably by 
shot blasting; aluminum castings of a typical alloy 


engine 
for magnesium the first 
modification was _ that 
shown in the middle 
figure. The wall under 
the bearing was found 
to be inadequate and the 
final design may be seen 
at the lower right. The 
final magnesium cranh- 
“ase weighed about the 
as the original 
crankcase, 


same 
aluminum 
but the engine develope? 





about twice as much 
power without servic 

failure. 
Fig. 6 — Design Evolution of Airplane Engine Crankcase Dia- Cne cannot picture 
phragm, From Aluminum at Top Left to Magnesium at Bot- the advantages = 
with- 


tom Right. Weight the same for engine of double the power plified structure 
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ot m ationing the enormous amount ol 
study ven them by designers of aircraft 
gructures. The early wings and fuselages were 
metal seletons, tied and braced together, and cov- 


ered wih fabric stiffened with varnish-like “dope”. 
\s the size, power and speed of the ships increased, 
the fabric was replaced with alclad aluminum, and 
the designer then rightly expected this metal cover- 
ing to take some of the loads in service. The aim 
has been constantly to simplify the structure, not 
nly to reduce its manufacturing cost, but to clear 
the interior of members which interfere with move- 
ment of crew and installation of necessary aux- 
iliaries, and to save weight by making each part 
carry its share of the stresses. 

These trends in design have resulted in the 


“semi-monocoque” construction wherein the 


stressed skin of a wing, for example, is stiffened 


wet 
gg 


Fig. 7 
Top Skin Sheet Removed to Show Simplicity of Construction 


ongitudinally by numerous small Z bars or bulb 
angle extrusions. Fore and aft are placed dia- 
phragms at perhaps 12 in. 
phragms conforming to the cross section of the 
wing and lightened with appropriate openings. 
Main shear stresses are carried by a stout web 
running lengthwise of the wing, and a set of ribs 


spacing, these dia- 


Near the trailing edge. 

All-magnesium wings of this sort have been 
n service for a number of years on Navy trainers 
lying at Gulf of Mexico bases. The wing is 
‘tronger than its aluminum prototype and about 
I ghter. This illustrates what can be done 


when the objective is maximum strength regardless 
of complexity of manufacture. 

What can be done if the design is a true mono- 
coque is shown in Fig. 7. This wing, an experi- 
mental part for a Navy PV-1 ship, is still in the 
erection jig, and has had one side removed to show 
the simplicity of the internal construction. Note 
that there are no longitudinal stiffeners riveted to 
the skin. Neither is there a longitudinal shear web 
down the center. The diaphragms are few in 
number and, for the most part, are hoop-like in 
construction. 

In this there has been a tremendous simpli- 
fication and consequent reduction in manufactur- 
ing costs by using relatively thick (although not 
heavy) magnesium sections and sheet. These 
advantages are gained without loss in strength- 
weight ratio; the all-magnesium monocoque wing 












All-Magnesium Monocoque Aircraft Wing in Assembly Jig, 


is slightly heavier than its aluminum prototype, 
but also somewhat stronger. Part of the reason for 
this, of course, is that weight for weight a 
magnesium strut or compression member is about 
90° greater in cross section than the aluminum 
member of the same general shape. This extra 
metal gives the strut a correspondingly higher 
buckling or 
hence a marked superiority in carrying compres- 


resistance against crumpling, and 


sive loads. If the member is an aluminum plate, 
it must be adequately stiffened before the high 
potential strength of the aluminum alloys can be 
effectively realized. =] 
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A conterence reported 
By S. L. Henry 
Metallurgical Engineer 
A. O. Smith Corp 

Mil waukee, Wis 


{ method of spreading information that apparently mill. 
is gaining popularity is the conference organized by 


a commercial firm wherein its own engineers 


especially outside experts 


and limitations of the firm’s product, to the edifica- 


tion of a general audience. 


cussion was held early in May before 200 welding 
engineers by Magnaflux Corp. in Chicago. 


. . . . . . . . 
r e ‘ « s 3 7 
Henry says it was a lively meeting, quite uninhibited 


and stimulating. 


that all questions are satisfactorily answered, as yet. 


NSPECTION by the magnetic particle technique 
was developed as a workable tool by the late 
Alfred V. deForest in 1929. It simply consists of 
attaining a properly oriented magnetic field in the 
iron part to be inspected and applying fine mag- 
netic particles which are held at the defect by the 
leakage field created by the discontinuity. There 
are various means of creating the magnetic field. 
An alternating current is used in parts which are 
being inspected for surface defects only. For 
subsurface defects, direct current is used. For 
weld inspection, full-wave rectified alternating 
current with an initial surge of higher current is 
used. (Half-wave rectified current is the latest 
development and maximum sensitivity is claimed 
for it.) Magnetic particles are applied as a dry 
powder by a blower or bulb. The dry powders, 
either black, gray or red, are usually used on 
welds for maximum sensitivity. In some instances 
the powder is suspended in a light oil and flowed 
over the part. 

Weld inspectors most commonly use prods 
for contacts, applied several inches apart on the 
weld seam. The desired current is thus passed 
through the weld and induces a circular magnetic 
field with the lines of flux transverse te the length 
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Inspection of Weldment; 


discuss the capabilities 


Such a successful dis- 


Not everyone went away convinced 




































Magnetic Particle 


of the weld deposit. A nearly automat 
method is being developed for a_ pipe 
Pipe varying in diameter from 6 
to 20 in., with 44 to %-in. wall thickness 
will be automatically magnetized, dusted 
but with the powder, the excess powder 
removed and reclaimed for continued 
use. The pipe will travel at a rate of 
20 to 100 ft. per min., and it is planned 
to scan the weld with a photo-electri 
cell which will remove pipe from the 
production line which shows indicaticns 
The weld can then be examined by an 
Mr. inspector who will decide whether th 
indications are cause for rejection. 

A word of caution was thrown in 
by W. E. Thomas of Magnaflux Corp 
The method is frequently too sensitive 
Welded parts or assemblies have been 
rejected on the basis of indications 
which were not detrimental. As in other methods 
of inspection, this has resulted in an attitude of 
“damn the method or damn the inspector”. This 
difficulty can be overcome by a sensible approach 
and evaluation of the inspection problem. It Is 
definitely up to inspection to prove its worth in 
dollars and cents as reflected in better production 
and a better product. 

Experience is needed in interpretation. This 
can be gained only by using the correct technique, 
trepanning or cross-sectioning at an_ indication, 
and thus evaluating the defect in relation to tts 
effect on service life. Also a knowledge of the 
design, stresses, vibration, impact, service and 
consequences of failure would be needed. ‘Thus, 
in highly stressed aircraft parts very rigid stand- 
ards are required. In other applications, stresses 
in weldments may be so low that anything but the 
most obvious defects would not impair servic 


Nondestructive Weld Inspection 


J. J. Chyle and A. Cota of the A. O. Smith 
Corp. summarized and evaluated the. available 
methods for weld inspection, such as X-ray, may 
netic particle, and supersonic testing. Theil 
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mr s applied particularly to heavy welds such 


il 
found in pressure vessels. Included was an 


rivinal investigation to evaluate the relative mer- 
i, of X-ray and magnaflux in the inspection ol 
he first layer and subsequent layers as built up 
n a deep groove. Included were tests on very 
heavy plate (solid construction) as well as other 
vessels. for extra high pressure constructed of 
several layers of steel plate, welded into succes- 
ive jackets. Magnetic particles could not find 
subsurface defects in girth welds on layer vessel! 
nstruction (when applied with existing equip- 
ment) possibly due to magnetic flux leakage al 
the layers. In the solid construction, defects 
uld be found as far as three layers or passes 
below the surface. The only surface preparation 
n this test was wire brushing to remove the slag. 
the defects found were intentionally made 
unfused lip lines, slag inclusions and _ porosity. 
\-rays readily interpreted the indications for both 
types of construction. 

The obvious advantages of the 
magnetic particles over X-ray 
rv-ray for this particular type of 
nspection would be the low cost, 
wk of delays in production and 
daptability for repair inspection. 
Ihe advantage of X-ray inspection 
vould be, of course, maximum 
sensitivity and penetration of thick 
sections. 

\ lively discussion was held 
n the effect of stress annealing in 
ither producing defects or increas- 
ng the sensitivity of inspection. 
Several instances were cited where 
magnaflux found new defects on 
previously inspected welds after 
mnealing. Defects were found 0.4 
n. below surface in the as-welded 
ondition, and after stress anneal 
toa depth of % in. The problem 
‘ serious in that stress annealing 
‘necessary after any repair weld- 
ng is done on high pressure 
equipment. 

Introduced during the general 
discussion were methods of maxi- 
mum sensitivity for finding sub- 
‘urlace defects. One such method 
Was the introduction of an alter- 
tating current field at 45° to the 
main direct current field. The main 
)urpose was to excite the magnetic 
particles to greater mobility. As 
i indication of the sensitivity of 
the magnetic particle technique, an 


instance was cited where Luder’s lines were 
revealed by the pattern of magnetic particles. 
Likewise, due to the difference of permeability at 
the edge of the heat-affected zone, a distinct pat- 
tern of magnetic particles is sometimes found. 


Field Inspection 


RK. J. Love of the Pressure Vessel Research 
Committee of the Welding Research Council led a 
discussion on pressure vessels. Four gas holders 
were described which were field erected to a diam- 
eter of 34 ft. and a length of 206 ft. and operating 
in, and the 


at 59 psi. The heads were made of ¥' 
shells were made of |}-in. steel, conforming to 
A.S.T.M. specification A212. Due to the geometry 
of the tank, water testing was impossible because 
of the weight of water. The gas holders were air 
tested at 60 psi., after all weld seams, 3000 ft. in 
length, had been inspected both inside and out by 


the magnetic particle technique. 





Magnetization With Prods to Inspect Welds 
in a Large Air Blower During Fabrication 
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It is necessary to remove scale or slag before 
inspection, and grinding, sandblasting or wire 
brushing is suitable. In field inspection it is not 
necessary to remove thin paint coats (except 
magnetic oxide pigments) if contact can be made 
through prods. 

High Pressure Piping — W. B. Bunn, Jr., of 
the M. W. Kellogg Co., led the discussion on welds 
in high pressure piping. He traced the rise in 
operating pressures and temperatures to the pres- 
ent-day steam at 1650 psi. and 1050°F. Under 
these conditions it is imperative that the welds 
in this piping, which is made of air hardening 
alloy steels, be free of discontinuities. At these 
temperatures the design must necessarily be 
based on creep strength rather than on ultimate 
strength. (In some instances austenitic stainless 
alloy steel is used; because of its nonmagnetic 
characteristics other methods of inspection must 
be used.) In the alloy steels, are burns with the 
prods must be avoided; if the surfaces of the 
welds and prods are clean and free of oxides, no 
trouble should be encountered from this source 
by a careful operator. 


Machinery Weldments 


J. W. Owens, of Fairbanks, Morse and Co., led 
the discussion of machinery weldments. He inter- 
jected the thought that it is the moral responsi- 
bility of the welding engineer that any defect, 
particularly a crack, be removed if it could pos- 
sibly lead to failure of the assembly. Of the var- 
ous types of discontinuities that may be found in 
welds, the most serious is the crack because it is 
a stress raiser. 

A very important joint in machinery weld- 
ments is the fillet type; however, fillets should be 
used where no tension stresses will occur at the 
root. In fillet welds made with unfused root 
openings, inspection by use of alternating current 
gave best results with no confusing pattern due 
to the root openings. In this type of weld Mr. 
Owens was not interested in small subsurface 
porosity or inclusions of slag. It is usually possi- 
ble to design a machinery weldment so stress 
relief is not necessary; thus many of the opera- 
tions common to pressure vessels are unnecessary. 


Weld Repair 


Wm. E. McKenzie, of the U. S. Naval Gun 
Factory, led the discussion on the role of magnetic 
particle testing after weld repair. Defects in 
-astings, forgings and plate material may fre- 
quently be removed by grinding or chipping with- 
out the necessity of repair welding. If repair 


welding is necessary, the repair should be 
inspected after welding and after stress relicving. 
The inspector should consult with the d igner 
and welding engineer before the repair is made: 
in many instances the defects found may not 
affect the service, and costly repairs may then be 
avoided. 

It was mentioned that the magnetic particle 
method does not indicate lamination in_ plate 
material except at any cut edge where it exists, 
Mention was made of the use of alternating cur- 
rent to differentiate between laminations and 
segregations. Segregation usually is not shown 
by alternating current but is shown by direct 
current. 


Zyglo Principles and Application 


“Zyglo” utilizes a penetrating oil which will 
enter an opening of 4 microns. The liquid may 
be wiped or sprayed on the part, or the part dipped 
in the penetrant; the excess is then washed off 
with water and after drying, a developing powder 
is dusted on. On viewing the part with the 
so-called “black light” (near ultraviolet), the 
fluorescent penetrant which seeps out of a crack 
or void is easily seen. 

The method has been used for inspecting 
such parts as carbide tool tips, stellite coated 
valves, and pressure vessels lined with austenitic 
sheet. The latter were inspected in the field. 
The previous testing method consisted of drilling 
and tapping a hole in the lining, and introducing 
air pressure between the backing plate and lining: 
soap solution was then applied to discover any 
leakage. Another scheme is to force ammonia gas 
between the plate and lining instead of water, and 
use litmus to indicate the leaks. The old method 
was costly and slow; the tapped hole had to be 
plug welded, and in some instances leaks occurred 
in the plug welds. 

A. Robinson, of General Electric Co., dis- 
cussed the application of Zyglo to the inspection 
of welds in fabrication of gas turbines for aircraft 
It was found the best medium for evamining welds 
in buckets and bucket wheels. The parts are 
thoroughly washed, thoroughly rinsed in a special 
tank and then dipped in the penetrant. The 
developer is then applied and after 15 min the 
weld is examined in a booth lighted with the neat- 
ultraviolet light. The 4-in. shaft ends, made of 
magnetic alloy steel, are flash welded t the 
bucket wheel, which is an austenitic alloy. this 
weld is also inspected with Zyglo. Interpre/ation 
of each type of defect shown was originally) nade 
with the aid of macro and micrographs the 
cross sections at the defects. & 
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Modified Type 405 Stainless Iron 







—a Satisfactory Lining for Petroleum Refinery Vessels 







By Merrill A. Scheil* 


rector of Metallurgical Research 
A ©. Smith Corp. 
Milwaukee, Wis. | 








three months. Frequently the 
lining opened up cracks as wide 





as ,; in. which could not be 
repaired by welding, owing to 
the cracking tendency of this 
alloy when local heat is applied. 
in over 100 vessels in American petroleum refineries op- Fortunately most of these ves- 





Vodified Type 410 stainless iron (11 to 130% chromium, 





0.080% max. carbon) has been successfully used since 1936 






erating within the range of 500 to 1000° F. that caused sels were in petroleum refineries 





, ‘ — : , and had acquired a somewhat 
early embrittlement failure of the 17% chromium-iron 





self-protective layer of coke, so | 
linings. Two years later Modified Type 405 (13° max. the carbon steel shells were not 





too badly damaged; most of 





chromium, 0.08% max. carbon, 0.20 to 0.30% aluminum, 





them were relined in the field 





0.02%) max. titanium or columbium) was introduced and ge 
. with more satisfactory material. 





has since become all but standardized for this purpose, Even though the cause of 
this so-called “885° embrittle- 
ment” is still obscure, its pres- 





hundreds of vessels being in satisfactory service. There 





are six known instances of embrittlement after long ex- ; 
ence is now well recognized, 





posure to high temperature. Analysis shows that five of and there is little likelihood of 
such difficulties with this alloy 
from this cause in the future. 
Likewise, it is no drawback to 





these were off limits of chemistry; one was an example 






of stress corrosion. 





the extensive use of this alloy 





in nitric acid equipment and for 














N AN authoritative article describing the “High exposures at less than 700° F. — in fact, more than 
Chromium-Irons” in the April issue of Metal three quarters of all the tonnage of high chro- | 

Progress, H. D. Newell, chief metallurgist of Bab- mium-irons made in the United States is Type 430. 

cock & Wilcox Tube Co., presents a comprehensive Even though we recognize that the study of 

view of the physical and mechanical properties of failures, such as the above, is a very good way to 

these alloys ranging from 12% chromium up to determine the circumstances wherein a metallur- 

2. Sinee their most important uses are based gical product will be quite safe, it is also true that 

on ability to resist hot, corrosive liquids and gases, a single unexplained failure of material working 

Mr. Newell rightly paid a great deal of attention to under supposedly safe conditions will cause con- 

the stability of the alloys, by that meaning the siderable worry until the reasons for the trouble 

retention of their original properties even after are clearly known. For that reason unusual 

years of severe service. It was found, for example, importance attaches to the instance cited by Mr. 

that Type 430 (170% Cr) —despite its excellent Newell (page 624, April Metal Progress) where 

resistance to corrosion by petroleum products con- Type 405 strip (0.08% C, 13.18% Cr, 0.18% Al) in 

‘aining hydrogen sulphide—was unsuitable for ) * Acknowledgment is made to my colleague, R. A. 

service between 700 and 1000° F. because it hard- Huseby, research metallurgist, who collaborated in 






ene’ and became quite brittle in as short a time as many of the investigations mentioned in this report. 
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the lining of a hot oil separator became quite 
brittle after five years’ service at about 735° F. 
Types 405 and 410 stainless irons (11.5 to 
13.50% Cr, with other elements below well-defined 
limits) are the ones to which the oil industry turned 
when the 17° Cr Type 430 proved itself unsuitable. 
A. O. Smith Corp. alone has fabricated over 250 
pressure vessels lined with either Type 405 or 410 
stainless iron for combating corrosion in refinery 
processes, and about half this number are lined 
with a Modified Type 405 (the type containing 
aluminum). Over 100 vessels are operating in the 
temperature range from 800 to 900° F. with about 
the same number in service at temperatures 
between 500 and 750° F. Vessels in coke drum 
service at 850 to 900° F. have been in service with 
Type 410 linings since 1936 and those 
with Type 405 linings since 1938, with- 
out any indication of embrittlement in 
service. We have used a Modified Type 


quite low enough for the petroleum equip) ent 

Much more revealing and convincing are (ests 
wherein cross-welded sheets and strips held in 4 
stirrup form (stress-corrosion samples) are piaced 
directly in the operating stream. Results of such 
a set after 6250-hr. exposure are summarized jn 
Table Il. They showed that the performance o| 
the 12° chromium alloys compared very favor- 
ably with the 17° alloy on the basis of both pene- 
tration rates and susceptibility to pitting attack 
(As would be expected, the 18% chromium, 8 
nickel alloys show a definite superiority.) 

Proof of the pudding is in the eating. With 10 
to 12 years of experience with several hundred 
vessels, the petroleum refineries have reported very 
little trouble. (The few instances which have come 


Table I1— Huey Tests on Straight Chromium Alloys 
Inches penetration per year during three 48-hr. periods in 


boiling 65% HNO. 
=] o 





405 almost entirely since 1938 in pref- 
erence to Type 410; the reasons for this 
choice are probably worth outlining,* 
since they will explain the limitations 
we have placed on the chemical compo- 
sition of this type for this service. 


Unless such linings resist heat and MILL 


corrosion they are useless. Even an 
ideally noble metal, however, would be 
noncommercial if it could not be read- 
ily fabricated in large units. Finally, 
the structure must be stable. 

Let us examine these items, one 
after another. 


Corrosion Resistance of 12% Cr-Fe 


In view of the well-grounded opin- 
ion that oxidation resistance is measured 
by chromium content, other conditions 
being equal, refinery engineers were 
hesitant to accept the lower chromium 





TYPE: 405 410 
ANALYSIS: | 0.07 C 


HEATED 2 hr. at 1200° F 
from in air 
Ist period 0.095 
2nd period 0.098 0.413 0.181 0.262 0.032 
3rd period 0.090 0.431 0.165 0.277 0.033 
Average 0.094 0.439 0.176 
Heatep 1 hr. at 1550° F., furnace cooled to 1200° F. and held 2 hr., 
furnace cooled to 900° F., cooled therefrom in air 
Ist period | 0.089 | 0.527 0.271 
2nd period 
3rd period 0.089 0.479 | 0.250 
Average 0.089 0.478 0.274 


| 410+Mo! 410+ Cp 130) 
0.12C | 0.09C 0.06 C 0.08 C 
13.4 Cr | 12.0 Cr |12.3 Cr | 12.7 Cr 17.0 Cr 
0.28Ni > 0.28Ni! 0.33Ni! 0.50Cb  0.12Ni 
0.27 Al 0.46 Mo 


ANNEALED 
Ist period 0.090 0.822 0.228 0.311 (0.030 
2nd period 0.100 0.715 0.228 0.462 0.031 
3rd period 0.100 0.808 0.169 0.428 0.047 
Average 


0.097 0.782 0.208 0.400 0.036 


. 


.. furnace cooled to 900° F., cooled there- 


0.473 | 0.183 0.246 0.034 


0.262 0.033 


0.025 0.038 
-_ 
‘ 


0.089 | 0.427 0.302 | 0.246 0.03 
0.282 0.048 


0.184 0.041 


| 





Type 410 for the higher chromium Type 
430 which became brittle at 885° F. 
Short of service experience, it was hard to predict 
with surety. However, the Huey test is well recog- 
nized as giving a fairly accurate comparison of the 
corrosion resistance of one alloy against another, 
or one heat treatment against another, in oxidizing 
media, and the results of such tests (Table I) indi- 
‘ated that Type 405 (low carbon, 13.4% chromium, 
plus aluminum) corroded at two to three times the 
rate of Type 430— but this rate was probably 
*A full discussion was given by W. J. Jackel in 
Corrosion for June 1945, in a paper entitled “The 
Role of the Straight Chromium Stainless Steels for 
Refinery Vessel Linings”. 


to the writer’s attention will be analyzed later 

Experience to date shows that either of the Modified 
Types 410 or 405 have given satisfactory service, 
handling some of the most corrosive crudes 10 
reaction, flash and coke chambers, and in separator 
services where operating temperatures range [rom 
800 to 950° F. Either grade has been satisfactor) 
for bubble tower, fractionator and exchanger shell 
services where temperatures between 500 and 
750° FF. are involved. At temperatures below 
500° F., frequently found at the top of some towers, 
weak acids form (such as hydrochloric, i! 


crude is salty). Under these conditions the stra sht 
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Table Il — Corrosion* and Pitting+ of Typical Alloy Lining Materials Exposed 
6250 Hr. in Petroleum Refinery Service 





LOCATED IN CRUDE STABILIZER 


Set 0 ABove Tray 1 
H.S; 150° F., 100 Le. 


Set 1 
ALLOY 
Typ " 
X-WELDED 


\-WELDED STRESSED 


vwrE*) Pitt | Ratre*| Pity? | Ratre*) Pitre | Rate* 
0.01 
0.02 
0.01 
0.03 
0.015 
0.02 


0.01 


0.0059 
0.0024 
0.0032 | 
0.0039 | 
0.0015 | 
0.0011 | 


0.01 
0.03 
0.05 
0.02 
0.025 
0.025 


1.0043 
0020 
017 
0023 
0009 
0006 

OOOT | 


i 


501 
$10 
$05 
430) 
304 
347 
316 


0.0054 
0.0042 
0.0053 


0.02 
0.03 
0.03 
0.03 
0.04 
0.02 


0.0042 
0.0036 
0.0041 
0.0010 
| 0.0008 
0.0002 


10.0014 
0.0004 


0.03 | 0.0003) 
i i 


0.0015 | 


J 


BeLtow Tray 15 
GASOLINE; 325° F., 105 Lr. 


STRESSED 


0.01 

0.025 
d 0.0015 
0.03 0.0048 
0.02 


0.03 | 0.0123 


Sepanaron TOWER 


Ser 3 
VAPOR: 


Anove Tray 16 
'F., 95 La. 


Ser 2 


Vapon; 375 690° F., 3901 


\-WELDED STRESSED X-WELDED 


Rate*| Pirt |Ratre*! Piry | Ratre*, Pivy | Rate* 


0.01 0.0063 O01 0.0089 
0.025 
0.025 
0.03 
0.01 


0.01 


0.03 | 0.0049 
0.02 | 0.0055 
0.025 | 0.0099 | 
0.025 0.0050 
0.01 | 0.0115) 
0.03 | 0.0106 


0.0038 
0.0048 avs 
0.0011) 0.01 0.0020 
0.0007 


O.0005 


0.01 
0.04 


0.0004 


0.0115 
0.0003 | 


Anove Tray 1 
RB. 


STRESSED 


Pir 
Nil 
0.025 


0.01 
0.025 








*Corrosion rate figured to penetration in inches per year. 


+Depth of deepest pit in inches. 
tFor analysis see Table III. 


chromium grades will be actively attacked, 
making it necessary to put other alloys in 
these locations. 


Fabrication by Welding 


One advantage of Type 430 (17° Cr) as 
to fabrication was that the low-carbon alloy 
is completely ferritic at all temperatures and 
therefore there were no hardened areas alongside 
spot welds attaching the lining to the steel vessel, 
or along the seams in the joints between sheets, 
plates and fittings. Twelve years ago, during the 
transition from 17 to 13% chromium steel for 
refinery vessels, the commercial specification for 
low carbon was usually 0.12% max. As is well 
known (and shown in Fig. 3 of Newell’s article), 
carbon extends sharply the “gamma loop” of the 
iron-chromium equilibrium diagram. Since the 
gamma loop for negligible carbon (0.01 or 0.02 ) 
extends as far as 12 to 15% chromium, 0.12% car- 
bon would form enough austenite during the heat 
of welding so the metal would harden during sub- 
sequent cooling. That this is true is proved by 
Fig. 1, showing hardness traverses across single 
bead butt-welds used to seal adjacent sections of 
Stainless iron linings in carbon steel pressure ves- 
sels. (Welding of these pieces was with 25% Cr, 
12" Ni electrode.) 
tests showed that where _ extensive 
Welding is to be employed on the linings, the anal- 
ysis with 11 to 13% Cr, with an addition of 0.20 to 
30°. aluminum, has great advantage for its low 

ardening characteristic. 

(Quenching —— Similar information 

experiments wherein samples of the various 


hese 


is derived 


Table II — 


Chemical Analysis of Alloys Tested in Table Il 








Typ! 


501 
410 
405 
430 
304 
347 
316 


ALLOY Cc MN Si Cr Ni 
0.13 
0.43 
0.28 
0.12 
8.95 

10.40 


12.76 


4.92 
12.58 
13.44 
17.01 
19.19 
18.53 
17.43 


0.06 
0.12 
0.07 
0.08 
0.05 
0.08 
0.07 


5 Cr 
12 Cr 
) 13 Cr- 

17 Cr 
19-9 
18-10 + Cb 
18-13 + Mo 


Al remed te 
0.41 | 0.45 
0.45 | 0.28 
0.33 | 0.36 
1.39 | 0.33 


OTHER 








types are quenched from various hardening tem- 
peratures. (Water quenching from 1600°F. and 
higher gives a moderately harder sample than air 
Such experiments are plotted in Fig. 2. 
aging experiments (to be 
described later) in showing the desirability of 
lowering the carbon to (08% max. decided 
improvement over the composition 0.12% 
carbon), keeping the chromium on the low side 
range rather than the 12 


cooling. ) 
They supplement 


with 


(ordering the 11 to 13% 
to 14%) and adding 0.20% aluminum. Fortunately, 
within the last few years the steel .industry has 
discovered to the content 
stainless alloys down to levels formerly thought 


how drive carbon of 
impracticable. 

Varying amounts of aluminum up to 0.40% 
have no discernible effect on the hardness of Type 
405 alloys quenched from 1900 to 2000° F. Table IV 
gives data obtained from quenching sheets ,, to 
~,-in. thick. The last line is for an aluminum-tfree 
alloy having 0.077° While nitrogen is 
an addition recommended by some metallurgists, 
we effect the 
alloys containing 11 to 138% chromium. 

Furnace Cooling — A further effect of 
num in the Type 405 analysis is not shown by these 
When 0.12' 


nitrogen. 


have not found any beneficial in 


curves but is illustrated in Fig. 3. 
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Brinell Hardness 


0.05 C, 12.28 Cr, 0.21 Al, 0.12 C, 12.8 Cy 
0.31 Mn, 0.33 Si, 0.11 Ni 0.43 > 


Fig. 1-—- Showing Advantage of Low Car- 
bon Plus Aluminum in Suppressing 
Hardenability of 12% Chromium-lrons 


carbon Type 410 alloy is heated to ieee 
Type 405 Type 4/0 Type 410; 012C 


2200° F. and furnace cooled, its 
hardness increases to 350 Brinell 
(Curve No. 1). This was also true 
of Type 410 with 0.46% molybde- 
num when cooled from 2100° F. 
(Curve No. 4). With the addition 
of 0.10 to 0.40% aluminum, the 11 
to 13% Cr alloy does not increase 
in hardness above 150 Brinell when 
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furnace cooled from any tempera- 
ture up to 2200°F. (Curves No. 3 
and 5, Fig. 3, p. 95.) 

As further evidence that Type 405 chromium-iron is 
not embrittled with high temperature heating we took 
gy-in. sheets analyzing 0.07% C, 13.44% Cr, 0.28 Ni and 
0.27° Al, and heated as shown in the schedule below, then 
made a notch with a hacksaw to a depth of ;*; in. and bent 
the samples: ANGLE OF BEND; 

TREATMENT NOTCHED 
None; as mill annealed 146° 
Heated to 2200° F.; air cooled 145° 
Above; reheated to 1200° F. '23° 

Reheated to 1450° F. 123° 
Reheated to 1650° F. 125° 


Lastly, a Type 405 alloy was oil hardened from 1800" F. 
and drawn and tested at various temperatures ranging 





























Ge = | | | 
pA yf/200 1400 /600 1800 2000 2200 
Hardening Temperature, F 


0.06 C, 12.40 Cr, 
0.40 Mn, 0.49 Si, 0.09 Ni 


from 400 to 1400°F. Hardness and 
Charpy keyhole notched-bar tests wer 
made; Fig. 4 gives no indication of ; 
notch-brittle range in these tests. 

The addition of aluminum to the low- 
carbon, 11 to 138% Cr appears to accom- 
plish three things in Type 405 alloys: 

1. Restrict the gamma _ loop so a 
properly conditioned alloy is almos 
entirely ferritic at all temperatures. Se 
Table V, p. 96. (Mr. Newell estimates that 
0.106 aluminum has the same effect i: 
this respect as an extra 1.00 chromium. 

2. Raise the temperature at which 
transformation (if any) begins. 

3. After overheating, the alloy is 
all alpha (ferritic). 

The studies outlined above indicat 
that low-carbon Type 405 would be a 
good alloy as far as its inertness to weld: 
ing and other heating operations during 
fabrication is concerned. Later exper 
ences convinced us that additions ol 
molybdenum are not harmful but that 
columbium and titanium are _ positivel) 
harmful. These facts will be discussed 
later. The chemistry now favored fol 
Modified Type 105 for refinery service 
is shown at top the next column 


Fig. 2--Hardness of Types 480, 
and 405 After Water Quenching or 
Cooling From Various Temperatu 

Type 430 410 (0.12 C) 410 (0.06 | 
C 0.04 0.12 0.06 
Cr 16.86 12.58 12.40 
Ni 0.43 0.09 
Al 
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CH: OMIUM-ALUMINUM 


( 
\ 

P 0.030% max. 
\ 

( 

S 

Ni 0.30% max. 
\ 


Cb 0.02% max. 
Mo 0.05% max. 


Preferred Chemical Specifications 


CHROMIUM-MOLYBDENUM- 
ALUMINUM 
0.08% max. 
0.20to 0.50% 
0.030% max. 
0.030% max. 

11.00 to 13.00% 
0.50% max. 
0.30% max. 
0.20to 0.30% 
0.10% max. 
0.02% max. 
0.02% max. 
0.40to 0.60% 


0.08% max. 
0.20to 0.50% 


0.030% max. 

11.00 to 13.00% 

0.50% max. 
0.20to 0.30% 


u 0.10% max. 
li 0.02% max. 


Long-Time Stability 


While stability under operating conditions can 


be determined only in the performance of operating 
equipment, certain laboratory investigations indi- 


| that Types 410 and 405 would be free from 


temperature, long-time embrittlement. One 





















400 
Z Chromium and Nickel Contents: 
No! 258 045 C-40 
2 /2.60 0/2 
3 12.89 0/2 
4 12.33 0.23 
5 | tana OnE 0-35 g 
aed | wo.4: 410/0.09C,046 Molt /| 8 
3 | | |All] | 7 oso 
g No.1: 410 (0.12 C) 7 / ft 2 
S | | | | : c-25 § 
S f 425 § 
= /| No.2: \| B-100 & 
> p40 \ 8 
8 j 0.08 C) < 
‘S200 t 
a B-90 
‘in 
oe | _S ve 3: —{B-80 
i o- ta A” -405 (0086, OI9Al) 
— <— =< — a ee 5 
he ae | aheeg B-70 
100 \— No.5:"405(006 C, 0.27 Al, 0.49 Mo) 
AS 1200 1400 1600 /800 2000 2200 
Received Temperature, of 
Fig. 3— Hardness of Types 410 and 405, Fur- 
nace Cooled From Various Temperatures 


Table IV — Effect of Aluminum on Hardenability of Type 405 


for various temperatures for Type 430 





0.05 
0.04 
0.08 
0.07 
0.06 
0.06 





Arrer 1200° F. 
Srress ANNEAL 


216 
180 
210 
200 
188 


ANALYSIS Hearexe MAXIMUM BrINELL 
Cr a or . sh " " AIR WATER 
. ‘| CoOoLeD | QUENCHED 
12.67 | 0.13 2000° F. 267 275 
12.91 0.15 1900 195 236 
12.89 0.20 2000 285 335 
13.44 | 0.27 | 1900 250 270 
12.45 | 0.36) 1900 222 275 
12.39 Nil* 1800 388 400 


230 


(known to embrittle), and at 880° F. 

a temperature within the dangerous 
range for Type 410 and two samples 
of Type 405. The latter alloy with 
13.44% Cr shows very slight age-hard- 
ening tendencies, and it was for this 
reason that we favored the Modified 
Type 405 alloy with 13° Cr as a maxi- 
mum. It is not shown on this graph, 
but 9200-hr. exposure of this alloy with 











time 
ners 


is cle 


Tabl 


32.2 


method would be 


perature 
in hardness would 


degree of 


in notched-bar impact test. 


*0.077 nitroge! 


to hold samples steadily in 


a hot laboratory furnace for long periods of 
. and find out whether their hardness was 
‘ased thereby, when tested at room tem- 


the assumption being that a gain 


indicate a corresponding 


embritilement, an assumption not 


altogether justified, especially if “brittleness” 


fined as a low value of energy absorbed 
For example in 
e VI three samples are shown with B-96 


hardness; their respective Charpy values are 
, 3.0, and 44.5 ft-lb. 
Type 


The last one is a 
105 alloy and certainly is not brittle 


it guned impact value during exposure. 


rig. 5 shows such age-hardening curves 


j Hardness and Charpy Keyhole Notched- 
Tests on Quenched and Drawn Type 400 


uples Tested at Temperature Indicated) 





Charpy Impact, Ft-Lb. 





i. 13.44% Cr at 840 to 890° F. increased 


























70 T C-40 
60 + + + } i } C-35 
| Hardness J | a, 
2° wn 
50 o— — tT > > C-30 
“Impact 
40 —+ ZA load C-25 
\ Fai 
" J LY 
30 \Y C-20 
20 B-97 
10 Type 405 | B-9/ 
C Mn Si Cr Ni A/ 
O07 044 O04! 1209 O26 027 
“1s 400 600800 1000 200 400 leo © 
Quenched 
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Temperature, °F 


Rockwell Hardness 














































Table V — Effect of 0.20% Aluminum on the Micro- Cr alloys containing up to 040° aluminum, 
structure of 11 to 138% Chromium-Iron A similar conclusion can be drawn from q 
test in the A. O. Smith laboratory of an alloy 





a rype 410 ype 405 ype 405 containing 0.060 C, 12.45 Cr, 0.385% Ni and 
Analysis 0.36°° Al.* Hardness tests made at room tem- 
Carbon 0.07% 0.076 0.086 perature after 1000 hr. at 800° F. showed a gain 
Manganese 0.34 _ Oss 0.37 in hardness of 1.5 Rockwell B-scale units, and 
Silicon 0.40 0.45 0.42 no change after 1000 hr. at 900°F. Charpy 
Nickel 0.17 0.12 0.14 ail ae ° 
kevhole notch test absorbed 57.5 ft-lb. at room 


Chromium 13.14 12.32 12.91 ; " 
Aluminum | : 0.22 0.19 temperature, as received; 60.9 and 54.9 after 


1000 hr. at 800° F., and 52.5 and 54.9 after 1000 
hr. at 900° F. All specimens bent 180° flat with- 
out fracture. Tensile data on 0.357-in. round 


Heating temperature 
1500° F.* = 10000 alpha 100°) alpha | 100% alpha 








1600 60 alpha 100 alpha 100° alpha 

1700 10 alpha 100 alpha 95 alpha specimens of this test, as received and _ heat 

1800 100 gamma = 20 alpha | 60 alpha treated in various ways, are shown in Table VII. 

1900 95 gamma 30 alpha 60 alpha 

2000 90 gamma 30) alpha 60 alpha 

2100 80 gamma 50 alpha 65. alpha Investigation of Reported Embrittlement of 

2200 60 gamma 79 alpha 80s alpha Types 410 and 405 

2300 60 gamma; 85 alpha | 100 alpha 

9 : ae ‘ Rs , ; i ; 

260s 10 «gamma! 95 alpha | 100 = alpha rhe results of these tests, but more espe- 
Heated to 2400° F, ane then reheated to cially the satisfactory service in hundreds of 

1600° F. 60% alpha | 100% alpha | 100% alpha lined vessels in petroleum refinery service, are 

1700 | 10 alpha { 95 alpha | 95 alpha evidence that the Modified Types 410 and 405 

1800 1100 gamma}; 80 alpha | 95° alpha lla ial siceaaiaidlin steal pill natalie ails 

1900 | 95 gamma; 75 alpha 95 alpha ay See P es . : ~ 

2000 | 90 gamma} 75 alpha | 100 alpha permanent. The present author has learned 

2100 80 gamma, 95 alpha | 100 aipha of only six “incidents” where trouble was 

2200 60 gamma} 100 alpha | 100 alpha encountered. Brief case histories of all of these 








. ° Papa imaneses se will now be. presented and a diagnosis given 
*Transformation begins at 1525° F. for Type 410. I 6 2 
wherever possible. 


Case A; Excess Chromium — Some refinery 

















80 | {Type 405 118.44 Gr) 


hardness from B-72 original to B-86 at the end; engineers have preferred the 12 to 14% range of 
however, there was no marked embrittlement as chromium in the Type 410, presumably for the 
judged by notched-bend tests. added corrosion resistance of the extra 1% chro- 
An alloy very similar >» 12.09 Cr , ‘ - at © 
i alloy very simil ” to the : é *Other elements: 0.31% Mn, 0.31% Si, 0.018% P, 
ype 405 of Fig. 5, but having 0.064 C, 0.31% 0.015% S, 0.05% Cu, 0.02% Mo, nil Cb and Ti. 
Mn, 11.99% Cr, 0.12% Ni, 0.88% Si, 0.60% Mo 
and 0.27% Al, was heated separately at 700, 800, 105 
900, 950 and 1000° F. for 2000 hr. The maxi- 
mum change in Rockwell B from start to finish 
was two points. Plain bend test and notched- 100 | }——sieg———°- B50 F - 
bend tests were made at room temperature after we | 
; Q& vay 900 °F 
each heating and showed no impairment of the ~~ 
ductility. gE 95 t 
, one e ‘ ' . 
Table VI exhibits a comprehensive series Sa) Type 430 
of tests on aging embrittlement, made by one & go} Z | 
of our steel suppliers, at our request. It gives NS 
complete physicals before and after an aging s om 
A $ ae = s . Ais) en a A | en, 95 7 
treatment at 800° F. for 1050 hr. on six analyses. = 85 t men t t 
Phere is no embrittling effect shown with 12% 3S - Type 410 
= a. oe ™ . : " - Seo 7~+—- 
Ss - t 
S 
&e 


Fig. 5 Hardness of Types 430, 410 and 4005 











After Long Stay at Elevated Temperatures ; — 
TYPE 430 410 105 (13.44 Cr) 405 (12.09 Cr) 75 | 7ype 405 (/2.09 Cr) 1 After 450 
C 0.08 0.12 0.07 0.07 All at 880°F * 
Cr 16.96 12.58 13.44 12.09 70 ane 
Ni 0.22 0.43 0.28 0.26 0 400 800 1200 1600 2000 2400 & 
Al 0.27 0.27 Hours at Temperature 
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These Sullivan Compressors Depend on 
NICKEL ALLOY STEELS 
for Reliability 


These compressors, built by the Sullivan Division of 
Joy Manufacturing Company, are a good example 
of the way Nickel alloy steels help make equipment 
longer-lasting and more dependable. 

Crankshafts in these units are of large diameter, 
and accordingly, a Nickel-chromium-molybdenum 
steel, Type 4340, is used to secure good depth hard- 
ening. This steel makes possible heat treated forg- 
ings that provide ample strength, good ductility and 
ready machinability. 


Cross head pins and other stressed parts are pro- 
duced in a case hardening Nickel-molybdenum steel, 
Type 4615. This steel responds readily with mini- 
mum distortion to simple quenching treatments, and 
affords a wear resistant, non-spalling surface sup- 


ported by a tough core that enables the part to resist 
shocks and overloads. 

The excellent mechanical and fabricating proper- 
ties of Nickel alloy steels provide a practical answer 
to problems of low-cost, trouble-free operation of 


equipment. 








EMBLEM OF SERVICE 





TEADE mate 








Over the years, International Nickel has accumulated a fund of use 
ful information on the selection, fabrication, treatment and perform 
ance of enginecring alloy steels, stainless steels, cast irons, brasses 
bronzes and other alloys containing Nickel. This information and 
data are yours for the asking. Write for “List A’ of publications 
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lable VI— Physical Tests on Straight Chromium Alloys After 1050 Hr. Exposure at 800° F. 










































CHEMICAL ANALYSIS YIELD ULTIMATE ELONGATION RepucTion RocKWELL | KEYHOLE | 
C Cr Ni AL POINT STRENGTH IN 2 IN. or AREA HARDNESS CHARPY 

15* 16.7 0.23 0.03 79,600 117,200 25.5 412.3 B- 96 32.2 

After exposure 102,200 136,000 26.0 37.3 B-101 10.7 

Per cent change + 26 +13.8 + 1.9 11.7 + 5.5 66.8 

,04* 17.0 0.24 0.018 66,150 98,050 30.5 49.0 B- 84 48.8 

After exposure | 105,000 124,100 25.2 41.5 B- 96 3.5 

Per cent change + 37 + 20.1 17.2 15.4 + 15.3 93.3 
(12 11.6 0.14 0.039 88,200 118,000 23.75 43.3 B- 94.5 42 
After exposure 94,600 121,950 23.75 40.5 B- 95.0 37 

Per cent change + 7.2 + 3.35 ‘aie 6.58 + 0.53 —11.9 
0.05 11.7 0.15 0.041 64,700 98,266 30.3 48.5 B- 79 48 
After exposure 58,250 96,150 34.2 48.8 B- 81 43 
Per cent change — 9.97 — 2.16 +11.5 + 0.6 + 2.5 12 

(0.07 11.6 0.06 0.21 60,500 90,750 33.0 54.0 B- 81.8 51.2 
After exposure 56,100 92,650 33.5 49.9 B- 81.7 54 

Per cent change — 7.28 + 2.0 + 1.5 7.6 ae + 5.1 

0.06 12.0 0.06 | 0.40 54,500 86,400 34.2 46.7 B- 95.8 44.5 

After exposure 58,000 87,900 33.5 50.5 B- 95.2 47.0 

Per cent change + 6.03 + 1.79 0.22 + 7.6 eae + 5.3 


















*An interesting footnote to the cause of 885° embrittlement might be written about the tests 
on these two Type 430 alloys. More embrittlement occurred in the alloy with 0.04% carbon than 
the one with 0.15%. 






Table VII — Tensile Tests on Heat Treated Type 405 Bars 















Fig. 6-- Specimen of Lining as Re- CooLep IN Air BLast From 1800° F, | 
ceived From Phillips Petroleum Co. As | 
Brittle fracture in Type 405 at left is RECEIVED NOT Rt pomp Rent acme 
outlined; Type 410 is at right of ReneATED = 1100° F. 1200° F. 
weld. About half natural size Yield (0.5% offset) 46.000 81,150 59,600 65,000 

Ultimate 66,650 109,500 82,500 $4,200 

Elongation in 2 in. 37.9 23.6 28.6 28.6 

Reduction of area 66 41 60 12 

Rockwell B-76 B-96.5 B-88.5 B-88 


























I 
reported that Type 410 alloy with 13.650 Cr was 
embrittled at 800 to 900° F. after two years’ expo- 


mium. have heard of one case where it was 







sure. This experience and laboratory aging tests 






on several heats of 405 analysis with chromium 
13 to 14% led A. O. Smith Corp. to a preference 
for 11 to 138% chromium with 0.08¢ carbon max, 

Case B; Excess Cold Work and Chromium 
Suspected Mr. Newell, in his article in Metal 
Progress tor April 1947, cited an illustration of 











“embrittlement of Type 405 with aluminum” which 






was originally investigated by the Phillips Petro- 






leum Co. Type 410 and 405 lining was used in 






strip form to line an existing tower (a field job 






rather than a fabricator’s), and the vessel was in 






service at a temperature averaging 735° F. with 





fluctuations as high as 820° F. over a period of five 






years. On inspection, some cracks appeared only 






in the Type 405 lining adjacent to field weld seams: 
such metal was stated to test B-95 Rockwell and 






to be brittle toward bending. Material on one side 






of the weld was not brittle and was found to be of 
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Fig. 7--Type 405 From Phillips Petroleum 
Co. Transverse section (50 <<) showing trans- 
crystalline rupture. Rolled surface showed 
much evidence of light intergranular attack 


Fig. 8—-Same as Fig. 7; Sample as Received. 
400 x. The metal was heated in service 5 years at 
about 735° F. Finely scattered chromium-iron 
carbides and a small amount of pinkish titanium 
carbide in large grains of chromium ferrite. Trans- 
verse ruptures with a few Neumann bands origi- 
nating therefrom indicate shock loading. Rec- 
fangular inclusions are chromite and hercynite 


Type 410. The analysis of both materials was 
reported as: 

Cr C AL HARDNESS 
Ductile 12.94% 0.07% None B-88 


Brittle 13.18 0.08 0.18% B-95 


The writer secured a triangular shaped speci- 
men measuring approximately 6 in. on a side for 
spectrographic, wet chemical and microscopic 
analyses from M. E. Holmberg of Phillips’ engi- 
neering department. Figure 6 shows the as-received 
specimen, which was covered with a hard, thin, 
black deposit on both surfaces, outside and inside. 
Two sides of the Type 405 alloy showed a brittle 
fracture and a saweut; the other edge had been 
gouged with a chipping tool. Figure 7 indicates 
that the path of fracture in the Type 405 was trans- 
granular, and Fig. 8 shows transverse cracks in the 
chromium ferrite grains with Neumann bands 
(shock lines) back of the fractured surface. The 
hardness of this sample as we received it was B-88 
to 96 measured on the surface of the alloys in 
contact with the carbon steel, and B-98 to 101 
measured on cross sections; after heating to 
2000° F. and water quenching the Type 405 alloy 


[ Me 
* Fn» aie 
Fig. 9 Type 405 From Phillips Petroleum ( 
After Heating 5 Min. at 2000° F., Water Quench 
ing, Reheating to 1450° F., and Air Cooling. 400 
Structure: Tempered martensite in Cr-Fe ferrit 


was C-25 to 28; after heating to 2000° F., wate! 
quenching, and then reheating to 1800° F. and at 
cooling it was C-22. A photomicrograph, Fig. 9 
shows that this alloy under investigation reacts 
to hardening similarly to regular Type 4 
it is usual to find that Type 405 does not harde! 
below C-15 nor above C-33 (Brinell 200 and 3H 
respectively). 

See Fig. 10 for a more complete study of th 
microstructure of the Type 405 and 410 alloys 
the sample under investigation. The apparet 
difference is indicated; namely, the Type 410 allo 
(Fig. 10a) contains elongated grains suggesting !0v 
finishing temperature in rolling or possibly som 
cold rolled finish. The Type 405 exhibits modera! 
sized equiaxed chromium ferrite (Fig. 10b). Bol! 
alloys exhibit finely precipitated chromium ¢a! 
bides; however, no titanium carbo-nitrides of th 
characteristic cubical shape were found in eith 
of these alloys. 
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Figure 10c, at somewhat higher magnification, is a duplicate 
of Fig. 10a; it shows precipitation of carbides along strain lines, 
proving that the alloy was cold worked prior to service exposure. 





Type 410 
10a As received; B-100 to 101 
10c Like 10a; 2000 x 


4 brondening of the grain boundaries was observed (as already 


noted by Mr. Newell in his April Metal Progress article). Fig- 
ures 10d and 10e of Types 405 and 410 respectively show the 
grain size after a laboratory furnace anneal at 1450° F. which 
reduced the hardness to B-75 to 78 on Type 405 and B-67 to 68 
on Type 410. This temperature is considerably below the trans- 
formation temperature normally found for annealed alloys of 
these types. Figure 10c shows an enlarged grain size as com- 
pared to the as-received Type 410 sample, proving that “cold 
work” was responsible for the lower recrystallizing temperature. 


The size of this piece 
permitted several %4-in. wide 
test pieces in both alloys. 
Bend tests were made in 
two directions — parallel 
and perpendicular to the 
field fillet weld. The plain 
bend specimens were tested 
in a jig bending fixture, 
which for ;-in. thick sheet 
produces 50 to 55% elonga- 
tion in the outer fibers 
when bent to 180°. The 
material from Phillips was 
Jin. gage. 

Figure 11, page 100, 
shows the plain jig bend 
tests of the as-received 
alloys with the service side 
of the lining in tension dur- 
ing bending. The Type 405 
bends 180°; Fig. 12 shows 
small surface cracks after 
bending. This specimen 
was cut to include part of 
the original brittle-appear- 
ing fracture in evidence on 
the as-received sample, and 
it was located at the point 
of maximum bend. These 
lests apparently do not 
duplicate the reported brit- 
tle fracture. The Type 410 
alloy bends 90° and cracked 
as shown in Fig. 12. 

A similar test piece 
bent 180° in both materials 
aller removing the service 
surface which contained 


Type 405 
10b As received; B-98 to 100 
10d Annealed 30 min. at 
1450° F.; B-75/78 
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Fig. 10 — Microstructure of the Two Alloys of Fig. 6, Etched With 
Aqua Regia Plus Cupric Chloride. All 500 except 10c¢ which is 2000 


intergranular oxide penetrators. The improvement weld (or 90° to the bending shown in Fig. 11), with 
in ductility for the Type 410 is attributed to the service side of the lining in tension. Two bend 
removal of intergranular oxidation or corrosion. tests of 180° again proved the ductility of the Type 

Plain jig bends of the as-received Type 405 405 alloy. Notched-bend tests were also made of 
lloy were also made in a direction parallel to the both alloys, the notch cut with a hacksaw to a 
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1l0e Annealed 30 min. at 1450° F.; B-67/68 





Fig. 12a— Tension Side 
of 90° Bend in 410. 2 


depth of ,{; to , in. Notch 
bending of both alloys was 
comparable, being about 90° 
with the ,/;-in. deep notch and 
about 55° with the ,';-in. deep 
notch. When these results 
are compared with tests on 
the same alloys after anneal- 
ing at 1000°F. for 3 hr., we 
obtained a notched-bend test 
of almost 90° on the Type 410 
and 110° on the Type 405. 
After the 1000° F. anneal 
the hardness decreased from 
a maximum of B-95 to a fig- 
ure of B-86 for the Type 405 
strip and from a maximum of 
B-98 to a figure of B-92 for 
Type 410. A stress anneal at 
1200° F. for 2 hr. (air cool) 
resulted in surface hardness 
readings of B-81 to 83 for the 
Type 410. This emphasizes 
the desirability of stress 
relieving the Type 410 lining 
after field welding. 
Finally, a complete spec- 
trographic analysis and check 
wet analyses were made by 
three independent laboratories. Fig. 12b Ten- 
Milled chips for the wet analy- sion Side of 180° 
ses were from the full linear Bend in 405. 2 
thickness after pickling and 
passivating in nitric acid to 
remove all oxides. Results are shown in Table VIII. 
Our study of the reported embrittlement would 
be summarized as follows: 
1. The Type 405 alloy is found to be as ductile 
as the Type 410 alloy by bend tests. 
2. The hardness of both alloys is the same after 
the five years’ service. 
3. The notched-bend test, hardness, and micro- 
structure of both alloys indicate age hardening but 
no brittle tendencies at room temperature. 


Fig. 11 Bend Test Made 
With Surface in Service 
in Tension. Type 41° at 
top cracked on 90° bend: 
Type 405 at bottom 
cracked at 180° bend. ? 


4. The hardness 
increase for the Type 405 
alloy is attributed to its 
chromium content, which 
is over 13%. The tita- 
nium content is not 
sufficient to cause 
embrittlement. 

5. The’ hardness 
increase for Type 410 is 
attributed to the effect of 
cold work on the origina! 
alloy. Microstructural 
evidence indicates that 
prior cold work, usually 
associated with accelera 
tion of aging, has been 
responsible. 

From information 
from various sources on 

annealed Type 410 stainless iron, it would 
appear that chromium content is critical when 
it is above 13°% as regards susceptibility to 
885° F. embrittlement. The lower carbon alloys 
(0.06% and less, which are favored for lower 
hardenability) can be more critical because less 
chromium is combined as a_ stable carbide 
Thus it would appear logical to reduce chro- 
mium below 13° when carbon is below 0.06 
otherwise the chromium enriches the ferrit 
with liability for 885° embrittlement. For 
example, the low-carbon Type 430 alloy listed 
in Table VI indicates a greater degree of aging 
than the 0.15° carbon alloy. 

It is perhaps worthy of re-emphasis thal 
hardness is not always a criterion of brittleness 
Supplementary observations visual cracks 
short bends, low notched-bar tests, transcrys- 
talline rupture must establish the true tacts 

Case C; Excess Titanium In 1943 we 
found embrittlement in %4-in. bar stock used 
for hooks in a coke chamber three years with 
temperature of 880° F. max. The alloy ws 
bought as Type 405 with reported analysis @ 
shown; the analysis of the brittle hooks « Is 


listed. 
sted C MN Si Cr 


Stock 0.059 0.48% 047% 13.23% 
Hooks 0.05 0.46 0.44 12.96 


Other elements were 0.018% S, 0.035% P. ' 


Metal Progress; Page 100 





yi, 0.01% Mo, 0.04 to 0.12% Ti, 0.07% Cu, < 0.01% 
Sn. tests on original material (unused) were: 


KEYHOLE 
HARDNESS CHARPY 
B-75 42.0 ft-lb. 
in laboratory furnace: 
83.5 2.9 to 2.4 


ynnealed at 1450° F. 
\fter 4470 hr. at 880° F. 


Maximum hardness on heating to 
2100° F,. and water quenching: 95 
After three years’ exposure to coking service, 

the metal was B-96 hard and Charpy tests gave only 

1.7 to 1.8 ft-lb. However, heating this brittle hook 

material for 3 hr. at 1000°F. removed all notch 

sensitivity and reduced hardness to B-82, but the 

embrittled condition returned after 1000 hr. at 880 

to 900° F. with a hardness increase to B-89. 

The cause of this trouble was very definitely 
the titanium in the alloy, unknown when pur- 
chased and put into This alloy with 
titanium could not be grain refined after coarsening 
by any of the heat treatments tried, and the alloy 
was not hardened to the extent of regular Type 
405 by water quenching from temperatures of 1400 
to 2100° F., its maximum, as noted, being B-95 
approximately Brinell 210) — about the minimum 
for normal Type 405. 

Case D; Columbium Suspected — Five different 
alloys of Type 410 and 405 as shown in Table IX 
were exposed 9198 hr. in an ammonia converter 
operating at 840 to 890° F. and 1600 to 2000-psi. 
They acquired a nitrided case, but this 
was machined off before the specimens were made 
and tested. Little indi- 
cation of embrittle- 
ment the 


service. 


pressure, 


existed in 


notched-bend test is ascribed to banding in the 
alloy. However, in another comparison made with 
Type 405 alloy containing no detectable titanium 
or columbium, the Type 405-Mo alloy notch-bent 
100° after exposure for 5300 hr. to 840 to 890° F. 
Here again the sample split longitudinally due to 
No evidence of embrittle- 
and hardness 


banded microstructure. 
ment existed when tensile 
were compared, before and after exposure. 

The notched-bend test was used in this series 
because the specimens were 44 to 14 in. thick, and 
we have found that a slow bend on notched test 
pieces is a good criterion of brittleness. 

Case E; Type 410 High in Cr— A sample of 
field plug-welded lining 0.080 in. thick 
examined after 18 months’ service at operating 
temperature of 750 to 825° F. The sample repre- 
sented a bulge in the lining which was flattened 
when it was cold; in flattening, the lining cracked 
and a small section was cut out for examination 

This lining was ordered as Type 410 but 
analyzed 0.08% C, 14.75% Cr and 0.56% Mo. This 
chromium was much beyond the safe limit. 

The embrittled lining tested Rockwell B-98 to 
99 and was very sensitive to notches and scratches 
when bent. We succeeded in bending a sample 
180° cold after polishing the tension surface of the 


values 


was 


bend. As it was removed from service, the material 
exhibited extreme brittleness in the plain bend test. 

Heating the hour at 950° F. 
reduced the hardness to B-95. Heating at 850° F. 
did not change the hardness from B-99. Heating 


sample one 


Table VIII — Analyses of Plates From Phillips Petroleum Co. 





lensile properties or 
hard- 
alloy 
exhibited brittleness in 
the notched-bend test 
as Well as greater hard- 
and tensile 
increase, and that was 
Type 410 with 0.53% 
Mo and 0.47% Cb. 
From this it appears 
that columbium 
like titanium. We 
believe that both 
should be limited to 
),02 in Modified 
Types 410 or 405. 
Type 405 with 


the change in 


ness, vet one SPECTROSCOPIC (a) 


Back SERVICI 
SURFACE 


0.47% 
0.49 0.52 
13.10 13.40 
0.13/0.18 
0.22 
0.07 
< 0.01 
< 0.02 
< 6.01 
<0.01 
Trace 
Nil 
< 0.01 


ness 


0.225 

0.07 
< 0.01 
< 0.02 
< 0.01 
< 0.01 


acts 


Nil 
< 0.01 


Type 405 


SURFACE 


0.51% 


0.13/0.18 


Trace 


Type 410 


SPECTROSCOPIC (a) 


Wer ANALYSIS Wet 
SERVICE 


SURFACI 


BACK 


(b) (d) SURFACI (b) 


0.056 
0.41 


0.078 0.08 0.08 


0.43 0.48% 
0.33 
12.90 

0.13/0.18 
0.02 
0.06 
0.01 
Nil 
0.01 
Nil 
Nil 
Nil 
<0.01 


0.42% 
0.25 
12.80 

0.13/0.18 
< 0.02 
0.06 
0.01 
Nil 
0.01 
Nil 
Nil 
Nil 
< 0.01 


13.18 13.14 12.80 
0.05 


0.26 


13.10 


0.13 0.22 0.006 | 


0.009 


ANALYSIS 


(d) 


0.08 


12.97 
0.22 


n.d. 








about 0.6% molybde- 
hum performed satis- 
lactorily after this test, 


although the low 


(a) By W. Poehlman, A. O. Smith Spectrographic Research Laboratory. 
(b) Reported by Globe Steel Tubes Co. Research Laboratory. 

(c) Reported by Carnegie-Illinois Steel Corp., South Works Laboratory. 
(d) By A. O. Smith’s Production Laboratory. 
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the sample to 1750°F. and cooling in air blast 
resulted in a hardness of B-99, but the alloy was 
then ductile. 

Case F; Stress Corrosion In 1940 we exam- 
ined a sample of Type 405 plug-welded field lining 
to determine the suitability of this material under 
service conditions. An analysis yielded 0.06% C, 
12.16% Cr, 0.07% Ni and 0.24% Al, which meets 
the requirements for Type 405. Operating temper- 
ature was probably 850 to 900° F. over a period of 
about two years. 

Micro-examination in an area showing surface 
checking revealed corrosion penetration to a depth 
of 0.005 in. on either the outer surface exposed to 
the service conditions or on the under surface 
formerly in contact with the carbon steel. Many 


Resume 


These six recorded instances are certainly not 
sufficient adverse data to condemn the use of 
Modified Type 405 with 13% max. Cr, 0.08% may 
C, and 0.02% max. Ti or Cb for refinery service 
at 700 to 1000°F. Since 1938 experience of th 
A. O. Smith Corp. with Modified Type 405 of the 
composition specified in over 100 pressure vessels, 
and working in the embrittling temperature range, 
has not produced one single hardened brittle lin- 
ing when the analysis has been within the prope 
specification. 

The experience to date suggests that A.LS] 
Type 405 or 410 with 0.080% C max. should }y 


Table IX — Alloys Exposed 9198 Hr. at 840 to 890° F. in Ammonia Converter 





“SENS EE wee eames AFTER 
C MN SI Cr AL Mo 


Type 410 
0.04 0.45 
Type 405 


0.38 12.40 


Type 405 Mo 
| 
Type 410 Mo-Cb 
0.08 | 0.50 0.40 12.73 Cb 0.47 0.53 
Type 405 (high Cr) 


0.07 = — 


/NotcH BEND 
EXPOSURE 
OK; 160° 

0.07 | 0.41 0.22 | 12.65 | 0.10 , OR; 140° 

0.07 | 0.32 0.25 | 12.08 | 0.27 0.57 | OK; 50°T 

Brittle; ¢ 


| 
13.44 | 0.27 | | OK; 160° 


TENSILE PROPERTIES * 
aaa ROCKWELL 





ULTIMATE 


YIELD ELONG.? R.A. HARDNESS 
39,200 69,900 30% 52% B-73 
41,000 70,500 | 32 61 78 
48,000 73,100 30 42 77 
52,000 79,000 22 55 87 
47,700 72,000 32 67 7 
44,500 | 79,000 | 29 53 84 
51,500 | 73,500 | 34 58 72 
69,000 88,000 | 24 ie 93 


— — _ —_ i 


— — 86 














*The results in the first line for each type are for original material; the second lines are after exposure 
7Per cent elongation in %-in. gage length (sheet samples). tSplit longitudinally due to banding. 


of the corrosion cracks had penetrated along the 
grain boundaries. This suggested that stress was 
also involved in the operation. 

Due to the fact that there were leaks in the 
lining and coke was depositing between it and the 
steel vessel, forcing the lining away from the 
‘arbon steel shell, tensile stresses were set up in 
the service surface of the lining material, and 
under the corrosive conditions of service the attack 
was preferential rather than general. There was 
evidence from the microspecimens that corrosion 
fatigue had caused some of the surface checking, 
particularly since some of the cracks were of a 
transgranular nature. 

That the lining as a whole was not brittle was 
attested by the fact that several bend tests went 
180° without failure. The outer fibers of the bend 
specimens were slightly cracked due to the prefer- 
ential corrosion attack in the stressed areas, but 
the body of the sheet was sound. Its hardness was 
only B-69. Heating to 1700°F. and air cooling 
resulted in a hardness of B-75. 


modified from 11.5 to 13.5% Cr to 11.0 to 13.0 Cr, 
to avoid possible embrittlement in service. 

It follows that if carbon for either type 1s 
specified as 0.06% max., then the chromium con- 
tent should probably be further reduced to the 
11.0 to 12.5% range. 

The embrittlement reported by Messrs. Newell 
and Holmberg of the Type 405 field-welded strip 
lining in a hot oil separator after five years 0! 
service at about 735° F. could not be substantiated 
by carefully controlled bend tests on a sample 
removed from the vessel. Our investigation would 
indicate no preferential embrittlement of the Typ 
405 over the Type 410 reported as being ductile 
The evidence of age hardening in both alloys !s 
attributed in the Type 405 to a chromium conten! 
over 138% and in the Type 410 to a prior cold 
worked structure in the alloy strip which acceler 
ated age hardening. Both alloys in this /ining 


should be very thoroughly investigated when this 
is again possible, as the vessel is back in ser ice a 
the present time. 6 
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Shot-Peening of Springs 


MISHAWAKA, IND. 
To the Readers of METAL PROGRESS: 

In his letter in the October 1946 issue of Metal 
Progress, Alberto Oreffice writes that reports of 
increases up to 1000% in the life of springs as a 
result of shot-peening are, in his opinion, too opti- 
mistic and he lists as evidence some test results of 
his own experience which show life increases rang- 
ing from 30 to 125%. 

Because of the wide variety of factors affecting 
the results in a shot-peening test, it is quite possible 
to obtain fatigue life improvements as widely diver- 
gent as 30% and 1000%, even on identical parts. 
Two of these factors which have an important influ- 
ence on the test results are (a) the maximum stress 
applied in the test and (b) the intensity of the peen- 
ing blast. 

As an example of the effect that stress-range 
can have on shot-peening, consider a typical S-N 
diagram as shown herewith. From this diagram it 
will be readily apparent that a part which is being 
subjected to a maximum stress somewhere in the 


Not Shot- 


| 


i a 





Life, No. of Cycles —~ 


range between S, and S, will have a fairly definite, 
linite life in the unpeened state. If the part is 
peened and then tested to the same stress it will 
be seen that an indefinitely large increase in life 
‘an easily result. On parts which are tested at 


stresses above S, (which is apparently the range in 
which Mr. Oreffice did his testing) it will be seen 
that shot-peening will produce a limited life 
increase, frequently of an order of magnitude of 
less than 100%. 

A good example of the effect of peening inten- 
sity on fatigue life is given in some tests on tank 
track pins run at the General Motors Research Lab- 
oratory. These tests showed that 14-in. diameter 
track pins, all tested under the same range of stress, 
developed an increase of life of about four times 
when the intensity of peening was increased from 
0.004C1 to 0.015C1 (using the “C” test strip, 3x 54x 
0.0938 in.). 

Aside from these two factors, the results of 
shot-peening are also affected by many other vari- 
ables including design, material and previous treat- 
ment of the parts tested. 

L. J. WIESCHHAUS 
Market Research Engineer 
American Foundry Equipment Co. 


Mr. Oreffice Replies 


I am glad that Mr. Wieschhaus has pointed out 
clearly the range of tests where comparisons of 
endurance life depend largely on how long you run 
the test. 

Mr. Landecker, in last 
Metal Progress, however, has misunderstood my 
remarks printed earlier. The wire torsion tests 
described in the October issue were not intended to 
be dynamic tests, but static tests. On the other 
hand the leaf springs tested in the peened and non- 
peened state were loaded so the life would be about 
100,000 cycles; under these circumstances, as stated, 
the fatigue life in our standardized test was dou- 
bled, or a little better. 

The shot-peening operation in the tests reported 
was controlled by the Almen gage, using strip of 
S.A.E. 9260 steel, of Rockwell C-45 to 48 hardness, 
3 in. x %4 in. x 0.051 in. in dimension (the so-called 
“A” strip). Shot dimension is P19 by the S.A.E. 
standard (1946). After peening, the arc height 
(peening intensity) measured above a 1%-in. 
chordal length as the concave, nonpeened side, is 
0.0134 in. It may be that this intensity is not suffi- 
cient; future experience will decide this point. 

ALBERTO OREFFICI 
Chief Engineer, Steel Dept. 
The Fiat Co., Turin, Italy 


December's issue of 


July, 1947; Page 103 

















Low Versus High Pressure 
in Making Cemented Carbide Tools 


LieGe, BELGIUM 
To the Readers of METAL PROGRESS: 

It may be of general interest to compare the 
two methods for manufacturing hard carbide tool 
tips and inserts practiced for some years prior to 
the war at the Starachowice works in Poland. The 
methods contrast in the first cold pressing opera- 
tion. One uses relatively low pressure, the other 
uses relatively high pressure. In either process 
the resulting compacts are presintered, shaped and 
then given the final sintering. 

Pressing at low pressures follows the conven- 
tional practice. At Starachowice we used 2242-ton 
presses and demountable steel dies 6 in. long and 
1 to 1‘ in. wide. Heights of compacts were vari- 
able; specific pressure within the die was about 
5600 psi. Plasticity of the powder was increased 
by a wetting liquid composed of gasoline, benzol 
and camphor. Even so the pressed compacts were 
very fragile. Preliminary sintering was done with 
compacts horizontal, in nickel alloy boats, pushed 
endwise through a tube furnace (wire wound) in 
a hydrogen atmosphere. Final sintering was in a 
carbon-tube, the tube itself being the resistor. 

Pressing at high pressure was done dry (no 
wetting liquid) in 60-ton presses. The solid steel 
dies were 4'2 in. long, 1%, in. wide, and the pressed 
height was 1's to 1%, in. Unit pressure in the die 
amounted to about 12,800 psi. The pressed com- 
pacts were strong -— even elastic -—- as they would 
bend appreciably before breaking. Preliminary sin- 
tering was done with the bars in a vertical position 
—- standing on end. This was a major improve- 
ment, as no longitudinal temperature stresses were 
introduced when the bars passed slowly from the 
high temperature zone to the cooling zone. After 
presintering, 2 or 3 mm. of all surfaces was ground 
off —-thus removing the material in which most 
of the internal stresses reside. Shaping must be 
done with rubber-bonded abrasive wheels. 

Specific gravity of bars prior to sintering is: 


SPECIFIC GRAVITY 


COMPOSITION Low HiGH FINISHED 
WEe*> Fel Co PRESSED PRESSED Tips 
78.5 16.0 5.5 5.2 6.5 $3.3 
76.0 16.0 8.0 5.2 6.5 23.3 
89.5 5.0 5.5 6.3 7.8 13.3 
94.5 — ao 6.6 8.7 14.7 


Beyond all these figures and suppositions that 
the method of high pressure pressing and subse- 
quent fabrication should produce tips with the least 
shrinkage and the least internal strain — and there- 
fore with less scrap in process and less failures in 


practice —-is the record of production. [pn yy 


experience the high pressure compacts were 
verted into small tips, weighing up to 10 g 


con- 
Pro. 


duction losses in these small sized tips made by thp 
low pressure method were 4% over a period 9 
years. The production losses by the high pressure. 


method were 1%. . 
ANTON NIEDZWIEDSKI! 


Former Manager, Carbide Dept 


Starachowice Steelworks 


Ghost 


BuRBANK, Catir. 


To the Readers of Metat Procress: 


While observing the bond between copper braz- 
ing on vitallium, the formidable object shown in 





the accompanying micrograph appeared within 
view. Jet propelled, perhaps, seeing that it has a 


plastic nose and overdeveloped tail boom of 


fuselage. 


A. R. HuGurs 
Laboratory No. 2, Triplett & Barton 


Facilities of the 
Wear Research Institute 


Th 


STUTTGART, GERMAN) 


To the Readers of Metat ProGress: 


It will be of interest to American engineers and 
metallurgists who have to do with difficult problems 


of wear — metal against metal, or of metal by abra- 
arch 


sive mineral to know that the Wear Res 
Institute of the former German Office for T« 
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sciences has been reconstituted by the U. S. Military 
Government’s Research Control. This Institute was 
ganized some 20 years ago and has in the mean- 
time devoted its attention exclusively to the prob- 
ims of wear, both from a scientific and practical 
standpoint. Its laboratories occupy one entire floor 
of an adequately serviced building, approximately 
110x70 ft. in area. They are equipped with all the 
pest-known wear testing machines (such as the 
imsler, Brinell, Nieberding, Mohr and Federhaff, 
Sawin, Spindel) as well as many special devices 
designed for problems studied in the past. The 
laboratories also contain all necessary auxiliary 
equipment for physical chemistry, metallography, 
optics, and electrical measurements. 

Possibly of most immediate availability is what 
is undoubtedly the most complete library in exist- 
ence on the problems of wear. It includes nearly 
5000 publications and manuscripts, thoroughly 
digested and cross-indexed. 

It is to be hoped that this unique combination 
of equipment, experienced personnel and store of 
recorded information can be utilized by the peoples 
of all countries. At least that was the aim expressed 
by the responsible head of the U. S. Military Gov- 
ernment when permission was granted to re-estab- 
lish this laboratory. All personnel has been 
screened by the occupying authorities and passed 
after intensive examination. 

This hoped-for cooperation may take the form 
of an examination of the literature and records of a 
problem in wear, an experimental program designed 
lo solve a special difficulty, or the placement of 
American investigators in our laboratory in Stutt- 
gart where they can use the excellent equipment 
already in existence. The present personnel in our 
laboratory is such that the language difficulty will 


not arise, 
Hans WAHL; Dr-Ing. 


Manager and Custodian 
Wear Research Institute 


Refractory Life in 
Side-Blown Converters 


LONDON, ENGLAND 
To the Readers of METAL Procress: 

A questionnaire was recently circulated to steel 
loundries in Britain by the British Iron and Steel 
Research Association, in order to obtain some gen- 
‘ral picture as to techniques and procedure, and 
relurns were analyzed to determine a starting point 
lor research on side-blown converters. Some 22 
lirms replied, and although conditions were found 
'o vary widely, several points of interest emerged. 
A preference for monolithic linings was noted for 
‘wall vessels, with an increasing tendency toward 


brick linings as the capacities increased - yet the 
number of heats blown during a run was found 
to be almost identical, irrespective of capacity. 

Four plants charge sand into the converter with 
the iron, the amounts varying from two to eight 
shovelfuls at two works and from 40 to 80 Ib. at 
the other two. This substantially improved lining 
life, especially around the tuyere level, probably 
due to the silica sand providing an acid oxide 
readily available for the iron oxide formed in the 
early stages of blowing, which would otherwise 
attack the acid lining near the surface of the metal. 
One plant used sand additions originally because 
the charge was a very low-silicon iron; the other 
plants later adopted the idea for iron with a normal 
silicon content. It is also possible that with longer 
intervals between heats, there is some fritting of 
the sand to the lining. The cost involved is, of 
course, very low, particularly if old core sand is 
used. The benefit of increased lining life applies 
particularly to plants blowing low-silicon irons; 
further controlled investigations are recommended 
before drawing definite conclusions for other 
circumstances. 

One plant has studied the temperature distribu- 
tion through a converter lining during several 
blows. Thermocouples were placed in the brick 
lining at various depths from the hot surface (1%, 
o, 10 and 17 in.) and a typical heat gradient was 
recorded as 2670, 1690, 1200, and 315° F. respec- 
tively, with the blown metal at 3100° F. Thus, 
points ‘2 in, into the lining from the molten metal 
may be 475° cooler than the bath. This, connected 
with the relatively short duration of the blow, 
probably accounts for the successful use of mate- 
rials whose ultimate refractoriness may be appre- 
ciably lower than the temperature of the blown 
metal. Such thermal experiments suggest that when 
a converter is blowing successive charges, the aver- 
age hot-face temperature is some 180° F. above 
that when one converter is blowing alternately 
with another. This figure relates to plant condi- 
tions involving the minimum of delay between suc- 


cessive heats. rds 
Ir. Bisnop 


Source of Polishing Scratches 


Mapison, Wis. 
To the Readers of Meta. ProGress: 

The writer, being old-fashioned, has continued 
to do most of his final polishing of metallographic 
specimens by hand despite the obvious advantages 
of electropolishing for certain types of work. Suffi- 
cient varieties of polishing cloths, abrasives and 
techniques are available so that specimens can be 
prepared by hand that are usually at least the equal 
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of those prepared by electropolishing. They can 
also be prepared more rapidly, unless electro equip- 
ment and fixtures are modern and adaptable. 

Scratches remaining after the final polish are 
the bane of the metallographer who has pride in 
his work, and during a recent personal epidemic, 
an attempt was made to list all possible sources of 
the stray abrasive particles that wandered into the 
field of action. Here it is: 

1. Dust particles in the air. Their concentra- 
tion varies enormously with the location and, to 
some extent, with the weather. The writer worked 
several years in a laboratory that was down-wind 
from a power plant operating on powdered fuel 
with no dust collectors. Before one attempted final 
polishing it was usually necessary to wait for a 
shift in the wind, so the fly ash would be blown 
away. In mill laboratories the polishing wheels 
are frequently enclosed in glass-topped boxes and 
reached through rubber curtains. 

2. Dust on the polishing wheel covers. There 
are two schools of thought—-one believes the cover 
should be laid face down on the table when not 
on the wheel; the other, that it should repose face 
up. If housekeeping is immaculate and the polish- 
ing table is carefully sponged off first, then it is 
probably safe to lay the lid face down. This also 
protects the inside surface of the lid from dust par- 
ticles settling on it from the air. (They will not 
settle on the wheel itself if it is running because of 
air currents over the surface of 
the wheel.) It is generally 
safer, however, to take a chance 
on the dust particles in the air 
rather than grit on the table, 
and place the lid face up when 
off the wheel. 

3. Dirt from the hands. 

Time and again the writer has 

picked up the dusty levigated 

alumina bottle or wheel cover, 

laid a specimen on the dirty 

table, and then held the speci- 

men on the wheel with the 

same hand and proceeded to 

wash the dust off his hand onto 

the wheel. To avoid this, the 

meticulous metallographer must virtually develop 
an operating-room or surgical technique, wherein 
the hand that holds the specimen is used for 
nothing else. Professorial absent-mindedness is not 
helpful. 

4. Dirt in new polishing cloths, acquired dur- 
ing manufacture and handling. They will scratch 
a specimen every time unless boiled in distilled 
water for 20 to 30 min. and thoroughly washed. 

5. Failure to cover the spouts of the polishing 


suspension bottles when not in use. Dus! froy 
the air settles on the spout and is transferred | 
the wheel with the first squirt of abrasive. 

6. Improper levigation of polishing Suspen- 
sions. To avoid caking of the abrasive while stand. 
ing, or to get better suspension, sodium silicate 
or soap are sometimes added to the water. These 
agents also prevent rapid settling and hence defea; 
the purpose of levigation. If deemed necessary 
they should be added after levigation. 

7. Soapstone from rubber stoppers or tubing 
used to siphon polishing suspensions from one bot- 
tle to another. This is a very troublesome source 
of tramp abrasive because it is virtually impossible 
to remove soapstone particles from the rubber. 
The only cure is to use stoppers or tubing that 
have never been coated with soapstone. 

8. Carelessness in washing specimens free of 
abrasive from the previous wheel. Use a soft 
bristle brush, particularly when polishing speci- 
mens having rough surfaces. 

Despite the elimination (as far as possible) of 
all sources of stray dirt particles as listed above, 
one is still occasionally confronted with several 
nice scratches suddenly appearing across the area 
of interest in the specimen. The cause of such 
scratches remains unknown to the writer, but one 
is inclined to blame them on (a) dandruff, (b) 
some peculiar form of attraction, aggregation or 
lumping together of the correctly-sized abrasive 

particles, or (c) perhaps more wisely 
to the mere perversity of fate. Never- 
theless, once tramp abrasive gets on 
the cloth, the only thing to do is to 
remove it and boil it in distilled water, 
just as with a new cloth. The other 
alternative is to forget the whole thing 
and electropolish! 


Davin J. MACK 
Assistant Professor, Administrative 
College of Engineering 
University of Wisconsin 


C. Mentite Flees Pearl Ite 


MINNEAPOLIS, MINN. 
To the Readers of METAL PROGRESS: 

A. P. Barone, formerly of this department, 
made an action shot of Mr. C. Mentite, seemingly 
fleeing from an entanglement with Miss Pear! Ile, 
appropriately enough in a field of “Ni-Resist”. One 
suspects him of being two-faced, for he appears te 
be looking backward with a frown as well as lor 


ward with a smile! 
R. H. LuNpQUIST 


Supervisor, Metallurgical Laboral:') 
Minneapolis-Moline Power Implem: 
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A FEW NOTES TO REMEMBER 


tis possible to shatter a wine glass with a sustained One way to increase safety factor and to 
musical note because the glass is too brittle to obtain many other advantages, is to specify 
distribute the peak stresses that are set up by temper-brittle-free molybdenum steels. These 
resonance. modern steels, which also provide good hard- 

For the same reason, failure can result in a enability, good strength-weight ratio, and econ- 
brittle steel, with far more serious consequences omy, are permitting many users to simplify — and 
thon a mere broken glass. save. Write for practical data. 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED © FERROMOLYBDENUM «© “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


"WO ix 
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Personals 


Charles W. Adams @, formerly 
with the engineering department of 
Waterloo Manufacturing Co., Ltd., is 
now engineer with the technical de- 
partment, Arvida, Quebec, works of 
the Aluminum Co. ef Canada, Ltd. 


M. E. Harris @ has recently or- 
ganized his own firm to deal in mill, 
hardware, and electrical supplies, ir 
Los Angeles, Calif. 


William S. Craig ©, chairman of 
the Ontario Chapter @, has recently 
been appointed general manager of 
Stamped & Enameled Ware, Ltd., 
Hespeler, Canada. 


George I. Calvert @ has been as- 
signed by the Army Ordnance Depart- 
ment to the ordnance research and 
development division in Washington, 
dD. ¢C. 


Don A. Lawless @, former head 
of the technical service department, 
aluminum sales division of Reynolds 
Metals Co., is now technical adviser 
at the general sales office of Perma- 
nente Products Co., Oakland, Calif. 

















RUST PROOFING AND 
PAINT BONDING 


RUST REMOVING AND 
PREVENTING 


Deoxidine * 

Peroline * 

PICKLING ACID INHIBITORS 
Rodine * 





AMERICAN C€ 
AMBLER 


Improvement in design has 
produced the super hydro-electric 
plants and other engineering 
marvels of the present. In the metal- 
working field 


Alodizing with 


Modine’ 


provides protection for both painted 
and unpainted aluminum compar- 
able to that of anodically formed 
coatings but at a fraction of the cost 
in time, materials, labor, and 
equipment. 

Alodizing aluminum means 
simultaneously coating and sealing 
the metal in an easily prepared 
chemical bath. Time: 2 minutes 
maximum. No current. No high 
temperatures required. 

Simple, economical and 
effective, Alodine gives aluminum 
the great corrosion resistance and 
tenacious paint adhesion formerly 
possible only with costly and time- 
consuming processes. 


* Trade Mark Reg. U. S. Pat. Off 


i PAINT co. 
PENNA. 
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Roger J. Metzler @, mes er 
the. board of directors of New 


Jersey Chapter ©, forme: chief 
metallurgist of Breeze Corps ations 
Inc., is now development vineer 


with Handy and Harman, N York 
City. 7 


E. W. Rainey ©, formerly wire 
mill superintendent, California Wire 
Cloth Corp., has accepted the position 
of chief metallurgist with the North. 
western Steel and Wire Co., Sterling. 


Ill. 


Gilbert E. Klein ©, formerly , 
member of the research staff of Mas- 
sachusetts Institute of Technology, is 
joining the engineering laboratories 
of the Burgess Battery Co., Freeport, 
Ill., as research engineer. 


Clifford L. Nelson © has bee: 
promoted from the service depart- 
ment of Central Illinois Electric and 
Gas Co., Rockford, IIl., to the positior 
of industrial gas sales representative 
of the company. 


William A. Newcombe 6, former); 
of Flint, Mich., is now associated with 
Aircraft Engineering Co. of Chula 
Vista, Calif. 


Lawrence R. Foote ©, former in- 
dustrial gas engineer for the Central 
Illinois Electric and Gas Co., has 
taken a position with the Bryant 
Heater Co. as industrial gas repre 
sentative in the New York area. 


Russell G. McMillen ©, former) 
chief metallurgist for the Eastern 
Casting Corp. in New York City, is 
now vice-president in charge of op- 
erations in their new permanent mold 
division in Newburgh, N. Y. 


Formerly supervisor of Eastern 
Optical Testing Laboratories, Inc., E. 
Floyd Hassell @ is now experimental 
machinist in the electronic laboratory 
of Brookhaven National Laboratory, 
Associated Universities, Inc. 


George Bennett ©, formerly su- 
pervisor of tool engineering, Frue- 
hauf Trailer Co., Letroit, is now 
plant development engineer with M 
& M, Ltd., Newark, N. J. 


C. A. Dewbery @ is now designing 
and estimating engineer at Norther! 
Machine Works, Ltd., Bathurst, New 
Brunswick, Canada. He was prev! 
ously with the aircraft division, Ca 
nadian Car & Foundry Co., Ltd 


F. John McMulkin @ has recently 


joined the staff of the Dom Lior 
Foundries & Steel, Ltd., Hamu'ton, 
Ont., as research engineer, leeving 


the position of senior research tal- 
lurgist, Ontario Research F 
tion, Toronto, Ont. 
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arly HIS photograph shows progressive steps in the 

rit manufacture of a clock frame, and is an excellent 

ula example of careful planning to reduce the amount of 

scrap and lessen the number of operations. Note that in 

in- only a few strokes of the machine not only is a plate 

ral punched for the frame, but also a gear, a ratchet wheel, . 
has and two other small parts are produced. The work is 
ant * s ° . 

done on a dieing machine, which operates to the very 


close limits that are essential in a clock. An additional 
item of economy is the fact that most of the other parts 
rly are made from exactly the same kind and gauge of metal, 
greatly simplifying purchasing, stockroom management, 
and production ordering. 

old Planning such as this is more important than ever 
today, when metal is scarce, and it is essential to conserve 
it, as well as lessen costs and speed production: 


Cre COREE. Ss 
re ate &.% aes 
CBP oe 4 an” 


heed 


E. The metal used is Revere Leaded Brass, supplied to 
tal exceptionally close limits as to ¢omposition, gauge, 
ry temper, flatness, and straightness. Revere takes pride in 


its ability to meet these strict requirements, and will be 
glad to collaborate with any manufacturer in working 
out the application of its metals to modern, simple, 
accurate, metal-and-money-saving plans and processes. 





| REVERE 
| COPPER AND BRASS INCORPORATED 
“4 Founded by Paul Revere in 1801 


230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; New 
ly Bedford, Mass.; Rome, N. Y.—Sales Offices in Principal Cities, 
y! Distributors Everywhere. 





ng x , 

- Progressive steps in the accurate, economical 

manufacture of clock parts by the William L. 6 t * 
Gilbert ( lock Co., Winsted, Connecticut. 
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THE 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


ONE OF AMERICA’S GREAT BASIC BUSINESSES 


NITRIDING STEELS 

BRIGHT ANNEALING 

ATOMIC WELDING AND BRAZING 
CONTROLLED ATMOSPHERES 


POWDER METALLURGY SINTERING ATMOSPHERE 


REDUCTION OF METALLIC OXIDES 





Minimum Purity 99.95% NH3;.. . 
Oxygen Free... Very Low Dew Point 


ered STANDARDS of consistent purity, 
uniform dryness, speedy deliveries and 
dependable service make Barrett Standard 
Anhydrous Ammonia your best source of NH3 
for metallurgical uses. 


Because it is shipped as a concentrated liquid 
and can be dissociated into its component 
gases at points of use, Barrett Standard 
Anhydrous Ammonia is an economical source 
of nitrogen and hydrogen. When dissociated, 
each pound of Barrett Standard Anhydrous 
Ammonia produces approximately 11 cubic feet 
of nitrogen and 34 cubic feet of hydrogen. 


Barrett Standard Anhydrous Ammonia is 
available in 50, 100 and 150-pound cylinders 
from conveniently located warehouses; or, for 
larger users, in 26-ton tank cars. 


Modern metallurgy is finding more and more 
uses for Barrett Standard Anhydrous Ammonia. 
The advice and help of Barrett technical ser- 
vice men are yours for the asking. 


This interesting and helpful booklet is packed 
with useful information on Anhydrous Ammonia. 
You can obtain a copy without charge or obli- 
gation, by requesting it from the address below. 


BARRETT DIVISION 
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Personals 


After his release to inactive duty 
by the Navy, Richard F. Baley @ ac. 
cepted the position of metal! lurgist 
= the Ferro Machine and Foundry 

, Cleveland, Ohio. 


Fred W. Boynton @ has taken a 
position as technical adviser in the 
technical service department of the 
aluminum sales division, the Rey- 
nolds Metals Co., Louisville, Ky. He 
was formerly plant metallurgist jp 
the aluminum extrusion plant of the 
Bohn Aluminum & Brass Corp, 
Adrian, Mich. 


Howard B. Huntress ©, American 
Brake Shoe Co., Mahwah, N. J., has 
been transferred from the metallurgi- 
cal department to the new chemical 
laboratory where he will engage in 
research on metal powders. 


Victor H. Munnecke © has been 
appointed purchasing agent of the 
Wiley Alloy Tube Co., Chicago. 


Richard C. Barry ©, formerly of 
the Standard Oil Co. of California, is 
now continuing his graduate studies 
in the department of metallurgy at 
Stanford University. 


Lloyd H. Davidson @ has beer 
assigned to the position of manager 
of the product .development depart- 
ment of the Avco Manufacturing 
Corp., Connersville, Ind. 


Robert M. Gontz © has returned 
to his former position of metallurgical 
engineer at Titan Metal Manufactur- 
ing Co., Bellefonte, Pa., following 
two years in the U. S. Navy. 


The Navy Department has trans- 
ferred Arthur C. Gehringer © from 
the office of the inspector of naval 
materials at Cincinnati, Ohio, to as- 
sume charge of Army and Navy 
inspection at Alcoa’s Lafayette, Ind. 
works. 


Paul C. Cunnick © is at presen 
deputy commander of the 143rd Ore 
nance Base, Automotive Maintenance 
Battalion, in Germany, rebuilding & 
gines and power trains. 


John C. Annesley @, formerly 
charge of Aluminum Co. of Canaca 
Ltd., Montreal sales office, has Dee! 
appointed manager of the 
sales office. 


Resigning his position witn (a 
boloy Co., Detroit, L. J. Hull @ ha: 
joined the jet propulsion la!orator 
of California Institute of Tec! olog) 
Pasadena, Calif., as metallurg 
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Joslyn Stainless Steel Angles and Channels in AIS! Types 302, 304 and 316 are resistant to stress. 


Doslyn Stainless Steels 


JOSLYN MFG. AND SUPPLY CO., FT. WAYNE 6, IND. 


ELECTRIC FURNACES-HOT AND COLD FINISHING MILLS - LOCATED AT FORT WAYNE, IND. 











Here is the Capacity You Need to 
HEAT TREAT SMALL PARTS... 


Time and 
Space with this NEW, 
Complete Line of 


COOLEY 


ELECTRIC 
BOX FURNACES 


Save Power, 





Save large furnace equipment for the 
big jobs . . . use COOLEY Electric 
Furnaces for accurate and economical 
heat treating of small parts. 





~ 
( use COOLEY FURNACES FOR: 


e Metallurgical Laboratory 
Heat Treating. 


When you have a COOLEY, there is no 
need to wait for large furnace time or use 


the power required to heat such a furnace. e H H 
Always-ready COOLEY Furnaces give you con- Tool and Die Heat Treating. 
venient capacity for small work, together with e Pilot Runs to Establish 


highly accurate temperature control, simplicity Proceduresand Scheduling 
of operation, unusual flexibility and an oper- , 


ating cost as low as 4¢ per hour. These effi- e Production Heat Treating 

cient box furnaces are now available in 11 of Small Parts — Normal- 

types and sizes to offer the correct model for ee Anneali Hard 

your requirements (see table below). izing, nnea ing, arcen- 
ing and Drawing. 


e Hot Forming Steel; Enam- 
eling; Glass Annealing. 


2 TYPES OF AUTOMATIC CONTROL 


For hardening and other high temperature 
work to 1850° F., MH and VH model furnaces 











are for use with indicating and controlling e Emergency Repairs and 
pyrometers, mounted separately or as part of Maintenance. 

@ factory wired panel and stand integral with \_ 4 
the furnace. 


For precision control of heating from 300° 
to 2000° F., including low temperature appli- 
cations such as tempering or drawing of 
steels, non-ferrous heat treating, etc., MK and 
VK model furnaces are equipped with a 
Selective Power Modifier to supplement the 


controlling pyrometer. This combination corrects 
the characteristic lag of chamber temperatures 
behind the pyrometer reading to as low as 300° 
F., and eliminates low temperature overshooting. 














CHAMBER | B"W 6H 14"L 10”"w 6H 18"L _||_8°W 6H 14"L 
MAX. TEMP. | 1850° F. an 18509 FF. 2000° F. 
AMPERES | ~ 14.8 at 230 v. 19.6 at 230 v. ; 20.2 at 230 v. 
WATTS aris 3400 i 4500 4650 _ 
MODEL* ! _MH-3 | VH-3 | 

| 


MK-3— | a: 3 || MH-4 | VH-4 | MK- 4). VK-4_ __VK-5 
00" 222.50 242.50 | 262.50 | 282.50 || ~ 340.00 — 


FORCED CIRCULATION AIR DRAW | 
FURNACES — Write for data. | 


PRICE | $46.00 | 166.00 | 186.00 | 
* M models complete with hinged door and hearth plate. 
v —— have counterweighted vertical lift deer with adjustable 
openin 
K models Tretude Selective Power Modifier for input contro! te 
correct temperature lag. FREE 


ACCESSORY EQUIPMENT LITERATURE 


Electronic operated Veri-Tron indicating and controlling 
pyrometer, with thermocouple and lead wire NEW CATALOG 
Same in self-contained, enclosed pane! Including line switeh completely de- ; 
and fuses, with steel _cand—completoly wired 240.00 scribes all models 
Stee! stand with shelf . ae .... 35.00 and applications 
for each. Write to- 


| day for your copy 














DEALERS AND DISTRIBUTORS WANTED! 


Good territories open on this extensive line of self- 
contained small electric furnaces. Investigate now. 


COOLEY ELECTRIC MANUFACTURING CORP. 


anapolis 7, Indiana 


. no obligation. 





routh Shelby Street Indi 
N ANAP > MACHINERY EXPORT CORP 


Export Manager, 44 Whiteha!! Street, New York, New York 
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Personals 


Alloy Rods Co., York, Pa. apy. 
nounces the appointment of Richard 
K. Lee @ to the position of technica) 
director of the company. Mr. Lee has 
been research engineer working op 
welding metallurgy and 
for the past six years. 


electrodes 


E. E. Thum @, editor of Metg 
Progress, John Chipman @, professo; 
of metallurgy, Massachusetts Insti. 
tute of Technology, H. J. French 6. 
vice-president of the Internationa] 
Nickel Co., Inc., O. T. Marzke 6, 
supervisor, Naval Research Labora. 
tory, and Cyril S. Smith ©, chief of 
the Institute of Metals at the Univer. 
sity of Chicago, have been appointed 
to form a metallurgical advisory com- 
mittee to the National Bureau of 
Standards. 


Richard C. Pranik ©, past chair- 
man of the Rhode Island Chapter 6, 
has been appointed vice-president in 
charge of engineering and manufac 
turing of the Seaboard Screw Corp, 
Providence, R. I. 


Daniel J. Maykuth ©, Army vet 
eran and former member of the fac- 
ulty of Michigan College of Mining 
and Technology, has been appointed 
to the research staff of Battelle Me- 
morial Institute, Columbus, Ohio. 


The American Rolling Mill Co. 
announces the appointment of T. F. 
Oldt © as director of research; he 
has been with the company for 19 
years and has been assistant director 
of research since 1945. 


formerly 
division, 


William E. Walsh 6, 
chief engineer, design 
Cowles & Co., Inc., has organized his 
own engineering company, Walsh, 
Inc., Chicago. 


Zolly Carlton Van Schwartz 6, 
until recently chief machinery engi- 
neer with Peck Stow & Wilcox Co. 
has been put in charge of the stand- 
ards department of General Machin- 


ery Corp., Hamilton, Ohio. 


J. Lester Perry, previously assist- 
ant to the president of the United 
States Steel Corp. of Delaware, has 
been elected president of the Colum- 
bia Steel Co., West Coast subsidiary 
of United States Steel Corp. 


Robert A. Miller @, ex-Army off- 
cer and formerly metallurgist at In- 
land Steel Co., has been appo! ted to 
the research staff of Battelle Meme 
rial Institute, Columbus, Ohi where 
he will be associated with its /ivision 
of industrial physics. 
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Amazing new developments in every branch 
of industry will mean the much wider use 
of light alloys fabricated by Bohn—a major 
source for aluminum and magnesium. 


BOHN ALUMINUM & BRASS CORPORATION 


GENERAL OFFICES — LAFAYETTE BUILDING 7 DETRON 26, MICH. 
Designers and Fabricators 
ALUMINUM «© MAGNESIUM «¢ BRASS « AIRCRAFT-TYPE BEARINGS 
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Personals 





C. E. Vorobik @ is now 


j roject 
engineer in charge of product devel. 
opment at Kirsten Pipe Co., Seattle 
Wash. 


C. W. Schemm © has joined 
Sverdrup & Parcel, consulting engi. 
neers of St. Louis, Mo., as chief elec. 
trical engineer with the assignment 
of organizing an electrical engineer. 
ing section for the firm. 





K. L. Walker &, formerly welding 
engineer with Standard Oil Develop- 
ment Co., has been appointed assist- 
ant superintendent of the boiler shop, 
Foster-Wheeler Corp., Carteret, N. J. 


Mehmet Baskal © has returned 
to Turkey where he is working in 
Celik Fabrikasi, a steel plant in 
Kirikkale. 


Vincent J. Walker ©, previously 
with Phillips Petroleum Co., is now 
with the Celanese Corp. of America, 
at the Chemcel Plant, Bishop, Texas, 
as mechanical designing engineer. 


Lloyd’s Register of Shipping have 
MORE THAN ' transferred John M. Grove © from 


Baltimore to Pittsburgh where he 


N OW | N STAL L E D will be surveyor for steel testing 
duties. 








Renewed industrial activities and developments have brought . On ys Page - Rigrbve S. 
‘ . Army, H. M. Gruner as become 
about greater use of MICHIANA High Temperature Recirculat- mateiiondtat of the doveleouaal 
ing Fans during the past year. More than 100 have now been engineering department of John A 

installed —with performance well substantiating claims of econ- Roebling’s Sons Co., Trenton, N. J. 
omy and long life. Stuart E. Sinclair @ has been ap- 
. . j ° ; > ; = f the 

With full knowle f alloy materials—we are prepared pointed chief metallurgist o 
th fu ” dge wn — and Greenfield Tap & Die Corp., Green- 
~ to make the proper selection based on factors such as furnace field, Mass. He had been metallurgist 
atmosphere, temperature, thermal shock, load, etc. MICHIANA for the Geometric Tool Co. divisior 
. — —_ since 1936. 
Fan design eliminates distortion and unbalanced conditions, 

the vital operating parts being assem- John A. Halgren @, former!) 
led tar § d tad — works metallurgist at the Springfield, 
Where Abrasion or e or tree and independent expan- Ohio, works of the Internationa! Har- 
Moisture are Factors sion and contraction. vester Co., was promoted to the posi- 
Where gases may contain MICHIANA Fans will help you improve tion of chief research metallurgist at 
abrasive dust—but tem- : a ; the new manufacturing research a 
peratures are not exces- output and uniformity of product. Their wisten of Yutesnatianal Waccester C2 
sve~-aradien-semmant long life makes them economical . . . Our 
alloys are available. i" 9 ’ A. Frumkin @, formerly with the 
Where resistance to corro- engineers are ready to make prac- Physical Metallurgy Research Labo- 
sion is required, Michiana tical recommendations... ratories of the Canadian Bureau © 


stainless steel castings may 


be employed. Thus the MICHIANA PRODUCTS 
wr ecm” | CORPORATION, Mich- 
igan City, Indiana. 


MICHIANA 


HIGH TEMPERATURE, RECIRCULATING 
Write for has been assistant branch ma! 
. A N g Bulletin 645 Hartford, Conn., since 1945. 
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Mines, is now research metallurgist 
with the American Electro Meta! 
Corp., Yonkers, N. Y. 


ata 















David J. O’Neil &, past chairma 
of the Hartford Chapter @, has bee! 
appointed Pacific Coast man: 
the Carpenter Steel Co. He has bee! 
with this company for 21 y« and 


rer i 


er of 
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| X-ray Answer Book 


@ Do vou have questions about radiographic practice? Here's a 


book that will help vou answer them ... quickly, authoritatively. 
Metallurgists, foundrymen, weld- It contains 122 pages of up-to-date data on such topics as 
ers, radiographers, designers, en- radiography’s function in industry; x-ray generating apparatus; 
gineers, production and quality- factors governing exposure; the arithmetic of exposure; sensi 
control engineers . . . here's a new tivity and detail visibility; special technies ...and many more 
book you'll want to study. It’s a subjects just as vital in radiation theory and practice. 


text of modern industrial x-ray 


practice . . . the most complete This important new book on radiography is packed full of 


excellent illustrations ... 64 deseriptive photographs ... 38 color 
treatment of the subject yet pub- ; | 
: , ful drawings . . . 44 clearly presented tables and charts . . . all 
lished. Price $3. ’ died 
newly published. It will provide you with many answers... on 


where and how to use the radiographic process ... how to get 
the best out of your x-ray equipment. 
Only $3. Order your copy from your local x-ray dealer! 


Eastman Kodak Company, Rochester 4, N. Y. 


Ra dio g rd p h y. . . another important function 


of photography 


Kodak 





CAST 


AKE SHOE 





and the metal is 
geared to its job 





—— 


e : are two herringbone gear rotors. They are the only moving parts 
of the motor which powers the “Turbinair” Hoists of the Joy Mfg. Co., 
Sullivan Division, Claremont, N. H. This sturdy equipment is widely used 
in the mining industry throughout the world. 

Each rotor is a casting. To gear with the exacting job demands of this 
service, the castings selected had to be machinable, wea: -resistant, vibration- 
dampening and strong. And, after thorough consideration, Meehanite cast- 
ings as made by Brake Shoe were chosen. In this case GA-Meehanite, a 
high-strength type, was the right metal for the job. 

When your service requires this or other types such as heat-resisting, 
pressure-tight and other engineered castings, you also may benefit from 
Brake Shoe’s casting techniques and foundry experience. Write us out- 
lining your own need for castings. Let us discuss with you a metal that gears 
with them perfectly ... tell you about castings backed by Brake Shoe’s 


laboratory research and pilot plant work in its own experimental foundry. 


hoe @ BRAKE SHOE AND 
Brake S CASTINGS DIVISION 


230 PARK AVENUE, NEW YORK 17, N. Y. 
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Personals 


The Carpenter Steel Co., R: 

Pa., announces the following pron 

tions: O. V. Greene &, formerly map. 
ager of tool and alloy steel sak 
been appointed assistant genera 
sales manager; M. H. Goodman & 
previously sales engineer in the Ney 
England territory, has been appoint 


» Nas 


assistant manager of stainless 
sales; and E. Von Hamback 6, 
search and development engineer, ha 
been promoted from the Detroit area 
to headquarters in Reading. 


The Colorado Fuel & Iron Cor 
announces the following appoint. 
ments: A. F. Franz ©, previous! 
with Alan Wood Steel Co., as vic 
president in charge of operations fi 
all company plants; Jay J. Martin 
&. formerly openhearth superintend 
ent, as works manager of the Pueb)| 
plant; Rudolph Smith ©, former! 
assistant openhearth superintendent 
as openhearth superintendent; H. H. 
Christy © as superintendent of th 
power and water departments. 


Walther Mathesius ©, president 
of Geneva Steel Co., Salt Lake (¢ 
Utah, has been elected a directo: 
U. S. Steel Corp. of Delaware. 


David C. Heckard & is now 
structor in metallurgy at Purdw 
University, Lafayette, Ind., and 
working toward an advanced degre 


Nicholas Ribaudo & has organiz 
the Silver Plating Laboratories 
Rochester, N. Y., for plating silve 
and gold exclusively. 


R. P. Stemmler @ is now 
charge of the tool steel divisior 
the Allegheny Ludlum Steel Corp 
Los Angeles, Calif. 


John D. Amoroso @ has be 
associated with the American Sigma 
Corp. of Buffalo, N. Y., as enginee! 
and metallurgist to assist in sal 
production and technical researc! 


Karl E. Ness ©, formerly met 
lurgist with the Gorham Too! 
has been named president of 
newly formed Induction Steel Cast 
ings Co., East Detroit, Mich. 


Harold T. Harrison © ha 
cepted a position as research ! 
lurgist with the National 
Register Co., Dayton, Ohio. 


David L. Kistler &, formerly wit! 
International Minerals and Chemicals 
Corp., is now metallurgist in the re 
melt division, New Kensington works, 
Aluminum Co. of America. 









A good lighter is a most useful and efficient 
possession. But lighters are subject to severe abuse. 
Lighter manufacturers must take this fact into 
consideration and buy materials of the highest 
quality, to build lighters that will give uninterrupted 


service over a long period of years. 


The makers of Ronson, one of the world’s truly 
great lighters, use Riverside Nickel Silver to fabri- 
cate many essential parts (see above) exposed to 
wear. (Many of the Ronsons made more than 
twenty years ago are still giving unfailing service. 
Riverside Nickel Silver is silvery white clear-through 
and, as the years pass by, its bright lustre does not 





Special Note—A Ronson Lighter can't stoy 
lit as shown on coke. “Press, it's lit—Releaose, 


t's out, the instant you lift your finger 


wear off. It has an excellent surface for plating or 
polishing and readily takes a fine damaskeen- 
type finish. 

Riverside Nickel Silver is tough, resistant to wear, 
fatigue and corrosion but easy to machine in any 
manner and weldable by all methods. It is extremely 
workable and can be formed, bent, drawn, stamped, 


punched, embossed or spun. 


You may be able to improve your product with 
Riverside Nickel Silver or with Riverside’s other 
alloys; Phosphor Bronze and Beryllium Copper. Our 
metallurgists are ready to help you. Write for 


information and catalogs. 


INSIDE RIVERSIDE—we not only say we are flexible in our thinking and operations; we have the alloys to prove it 


Fifty years of supplying non-ferrous metals of a highly specialized nature, to almost every type industry you con 
name, has kept our minds young, our viewpoint fresh and our metallurgists a: *iv~ solving new problems and improv 
ing alloys. Tell us about your coming requirements, large or small. We think you'll like the way we tackle a job 
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specialty 
of our own 





es, we designed it, cast and machined the parts and 
assembled the belt. It’s destined for a coil-spring hardening furnace 


where it will have to absorb some rough treatment. 


This belt goes to show what we can do in the way of casting a lot 
of small parts and, if desired, assembling them..We’re just as well 
equipped to do this as we are to produce a single high alloy casting 
weighing 5 or 6 tons. Industry, with its widely varying demands, 
has found this flexibility of ours very useful when looking for 


chrome-iron and chrome-nickel castings. 


THE DURALU Y COMPANY 
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Personals 


Edward M. Schrock ©, Was 
quality control engineer at Alurdee; 
Proving Ground, now holds a <imilar 
position in the household refriyerato) 
division of General Electric Co., an 
is located at Erie, Pa. 


M. Victor Walberg ©, former\ 
with Columbia Steel Co., is now sales 
engineer and commodity manager , 
the stainless steel department of Pa. 
cific Metals Co. 


H. C. Murrer @ announces tha: 
the Modern Tool Co., Cincinnati, Ohio. 
of which he was owner, has be 
incorporated and is now called th 
Murrer Tool Co., Ince. 


Karl Klein & has been appointed 
assistant works manager of the 
Bridgeport Brass Co., in charge of 
the east main plant. 


D. K. Davis @ is now affiliated 
with Olin Industries, Inc., at Westen 
Brass Mills, Winchester Repeating 
Arms Co., in New Haven, Conn., as 
metallurgical engineer in charge of 
the casting shop and of rolling mill 
processing. 


J. Lynn Reynolds @ is now chief 
metallurgical engineer with Westing- 
house Electric Corp.’s Sunnyvale 
works, Sunnyvale, Calif., since 
Westinghouse acquired Joshua Hendy 
Iron Works by whom he was for- 
merly employed. 


After 2 years in the U. S. Army, 
Mitchell H. Weisman @ has returned 
to North American Aviation, Inc., as 
a material and process enginee! 
the research engineering sectio1 


On graduating from Missouri 
School of Mines and Metallurgy, H. 
C. Dameron, Jr., @ accepted the po- 
sition of metallurgist in the remelt 
department of the Aluminum Co. of 
America at their Lafayette, Ind, 
plant. 


Ralph W. Fox @ has joined th 
staff of Armour Research Foundation, 
h engi- 


Chicago, as structural researc! 
neer in the mechanics departm: 


C. S. McKinney @ is now chief 
engineer of the Youngstown Welding 
and Engineering Co., Young 
Ohio. 


On his discharge from th« 
Army, Hareld E. Christy © ame 
associated with National Heat 
ing Service Co., Columbus, O! 
he has recently been promoted 
position of plant superintend: 


























“#two-chamber’”’ 
holding furnace 





the LINDBERG ~ Fishe ra 
ELECTRIC INDUCTION 
g- HOLDING FURNACE 


e for aluminum 


.-- with the same new features as its companion 
unit, the Lindberg-Fisher Electric Induction Melting Furnace. 





The Lindberg-Fisher has there advantages! 






Temperature flexibility. Furnace can 
be turned down to operate at a low over- 
night or weekend stand-by temperature. 





Continuous ladling. This is possible be- 
cause of the “two-chamber” design. In- 
gots or molten metal can be added to the 









receiving chamber within reasonable op- 
erating limits, without lowering ladling 
chamber temperature. 


Cooler operation. Chambers carry in- 
sulated covers—protect operators from 
heat—minimize heat loss. Induction 
heating heats metal only, not the entire 
furnace. Large ladling chamber at con- 
venient working height makes ladling 
easier. 





. . 4 complete line 









A DIVISION 


2448 WEST HUBBARD STREET 
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This eliminates lost “starting-up” time. 
Doubles as melting furnace in shops 
requiring small melting capacity. 
Accurate temperature control—so 
important in making sound castings—is 
provided for electronically. 


Quick delivery. Available in 300, 500, 
and 1000 Ib. holding capacities. 


HW rite for additional information. 


of melting and holding furnaces—gas, oil, electric 


MLECEA 


F LINDBERG E 


NGINEERING CO. 


e CHICAGO 12, ILLINOIS 















M y S C Oo High Temperature Alloy 


Furnace Conveyor Chain 








Heat Resisting - Wear Resisting - Corrosion Resisting 


SPECIFY MISCO Problems relating to mechanical handling in chain type 
HEAT RESISTING ALLOYS furnaces can best be solved by a study of individual re- 
CAST « ROLLED - FABRICATED quirements. When you purchase Misco Chain you receive 
for all Heat Treating Equipment benefit of many years’ experience covering design, manv- 
AUOAES SONNE © GEER BANS © SOLER MRANTND facture and application of furnace conveyor chain. 
CONVEYOR ROLLS © TRAYS ® RETORTS ® CHAIN © MUFFLES d 
WALKING BEAM CONVEYORS © CARBURIZING AND 
ANNEALING BOXES @ DIPPING BASKETS @© CYANIDE AND 7 ‘ — 20a : > 1 2 . ° Ts 
ee eee eee You are invited to consult our engineers on any matter: 
USSD COUT © CERNUSM CALIINES © MISETLLA- relating to the use of chain at high temperatures. 


NEOUS CASTINGS AND ROLLED BARS © SHEETS, PLATES, 


TUBES AND WELDING ROD FOR USE AT HIGH TEMPERA- 
TURE OR UNDER CORROSIVE CONDITIONS. SEND FOR YOUR COPY OF BULLETIN 1-8 


ALLOY CASTING DIVISION 
Michigan Steel Casting Company 


One of the World’s Pioneer Producers of Heat and Corrosion Resisting Al/oys 


Heat and Corrosion Resistant Alloys 1999 GUOIN STREET e DETROIT Sa MICHIGAN 
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